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Wrought  pipe  is  made  either  by  the  lap  welded  or  butt  welded 
process,  and  boiler  tubes  by  the  lap  welded  or  seamless  process. 
The  lap,  and  butt  processes  are  shown  in  Chapter  77,  pages 
2,801  and  2,802. 

Br^s'  Standard  .^Both  wrought  iron  and  steel  pipes  are 
made  to  the  same  standard  of  sizes.    The  nominal  sizes  of  pipe 


10  inches  and  under,  and  the  pitches  of  the  threads,  were  for  the 
most  part  established  in  the  British  tube    (called   "pipe"   in 
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America)  trade  between  1820  and  1840.     The  siaes  ante  designated 
roughly,  according  to  their  internal  diameters. 

Robert  Briggs,  about  1862,  while  superintendent  of  the  Pascal  Iron 
Works,  formtdated  the  nominal  dimensiofls  of  pipe  up  to  and  including 
10  inches.  These  dimensions  have  been  broadly  spread  and  are  widely 
known  as  "Briggs'  standard,'*  as  given  in  the  accompanying  table. 

The  thread  has  an  angle  of  60^  and  is  sli^tly  rounded  off  at  top  and  bot- 

torn  SO  that  the  total  height  (depth),  H»^  where   n   is   the   number    of 

ft 

threads  per  inch.   The  pitch  of  the  threads  -  increases  roughly  with  the 

diameter,  but  in  an  arbitrary  and  irregular  manner.  It  would  be  advan- 
tageous to  change  the  pitches  except  for  the  fact  that  they  are  now  firmly 
establish«i. 

The  oonically  threaded  ends  of  pipe  are  cut  at  a  taper  of  H  inch  diameter 
per  foot  of  length,  that  is,  1  in  32  to  the  axis  of  thdpipe,  as  shown  in  fig. 
5,032. 

For  the  various  sizes  of  pipes  ran^ng  from  J^  to  10  inches  nominal  inter- 
nal diameter,  with  their  corresponmng  number  of  screw  threads  per  indi, 
the  actual  internal  diameter  d,  is  expressed  by  the  following  table  in  terms 
of  the  actual  external  diameter  D. 

Diameter  of  Standard  Wrought  Pipe 


Nominal 
internal 
diameter 


Inches 

H 
Jiand  H 

J^and  H 

l,lJi,lH  and  2 

2MtolO 


Actual  internal  dian^eter 
d,  in  terms  of  actual 
external  diameter  D 


Inches 
d=.9631D— .1204 
(f  =  .9622D— .1666 
d=.9614D— .1857 
d  ^  .9607D— .2152 
rf  =  .9587D— .2875 


Nimiber  of 

screw  threads 

per  inch 


27 
18 
14 

11}^ 
8 


Depth  of  thread 

according  to 

Natioxial 

Tube  Co. 


Inch 

.0296 

.0444 

.0571 

.0696 

.1 


Quoting  from  Briggs: 

"The  number  of  screw  threads  per  inch  for  the  several  sizes  of  tubes  is 
here  accepted  £rom  customary  tisage.    It  is  the  workman's  approximation 
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to  the  pit<^  practically  de- 

drable,  and  much  reluctance 
must  consequently  be  felt  in 
calling  it  in  queatiou.  Still 
it  would  have  been  better  to 
mvestigate  the  general  case 
upon  uie  basis  of  a.  pitch 
ranging  in  closer  accordance 
with  the  range  of  tube  dia- 
meter. Thus  the  nominal  H 
inch  tubes  might  have  had 
16  thread  per  inch;  Ji  inch, 
14  threads;  1  and  IJ^  inch, 
12  threads;  l>^Bnd2incheB, 
11  threads;  2}^  to  3J^ina., 
10  threads;  4  to  6  inches, 
8  threads;  7  to  9  inches,  7 
threads;  and  10  inches,  not 
more  than  Q  threads  per 
indi.  The  existing  numbers 
rf  threads,  however  (as  here 
given),  are  now  too  well 
established  to  be  disturbed; 
at  all  events  they  must  be 
taken  in  an^  statement  of 
present  practice." 


By  trade  usage,  the  above 
rules  have  been  extended  to 
take  in  sizes  up  to  15  inches 

inclusive,  except  that  the 
standard  thickness  is  .375  in. 
Pipes  larger  than  15  inches 
nominal  size  are  known  by 
their  outside  diameter.  The 
dimensions  have  have  also 
been  extended  to  extra  strong 
and  double  extra  strong  pipe, 
by  retaining  the  outside  tua- 
meter  and  allowing  the  '" 
^de  diameter  to  decrc 
according  to  increase 
thickness. 


Wei&hts  of  Pipe.— la 

order  to  adapt   wrought 
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pipe  to  different  pressures  it  is  regularly  made  up  in  three  grades 
of  thicknesses  (weights)  known  as 

1.  Standard. 

2.  Extra  strong  (or  heavy). 

3.  Double  extra  strong  (or  heavy).    ' 

For  the  three  grades,  the  outside  diameters  of  the  listed  sizes 
remain  the  same,  but  the  thickness  is  increased  by  decreasing 
the  inside  diameter. 

For  instance,  figs .  5,033  to  5,035  show  sections  of  the  above  three  grades 
of  pipe  of  the  same  listed  size.  The  following  tables  give  properties  of 
the  three  grades  of  wrought  pipe  as  regularly  marketed. 

Ques.    What  is  merchant  pipe? 

Ans.    Short  weight  pipe. 

It  is  necessary  to  guard  against  this  short  weight  pipe  which  formerly 
was  extensively  made  to  meet  the  demand  of  sharp  jobbers,  but  now  repu- 
table companies  have  given  up  the  manufacture  of  such  pipe. 

Merchant  pipe  is  usually  5  to  10  per  cent  thinner  than  full  weight  pipe. 
It  should  be  carefulljr  avoided  in  work  of  any  importance,  as  the  extra 
cost  of  maintenance  will  soon  overbalance  the  small  difference  in  first  cost. 
As  a  precaution  against  merchant  pipe,  orders  should  specify  fuU  weight 
pipe. 

Manufacture  and  Tests. — ^Welded  steel  pipe  should  be 
made  from  ujiiformly  good  quality  soft,  weldable  steel,  rolled 
from  solid  ingots.  Sufficient  crop  should  be  cut  from  the  ends 
to  insure  sound  material,  and  the  steel  shall  be  given  the  most 
approved  treatment  in  heating  and  rolling. 

The  steel  from  which  the  pipe  is  made  must,  according  to  the  National 
Tube  Co.,  show  the  following  physical  properties: 

Tensile  strength,  50,000  pounds       Elongation  in  8  ins.,  18  per  cent 
Elastic  limit  over  30,000  pounds      Reduction  in  area,  50  per  cent 

The  following  test  pressures  are  applied  to  the  respective  sizes  of  butt 
and  lap  welded  pipe  for  the  three  grades  or  weights: 
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Test  Pressures. 

National  Tube  Co. 


• 

STANDARD 

EXTRA  STRONG 

DOUBLE  EXTRA 
STRONG 

Test  pressure 

Test  pressure 

Test  pressure 

in  pounds 

in  pounds 

in  pounds 

Size 

Size 

Size 

Butt 

Lap 

Butt 

Lap 

Butt 

Lap 

Pa 

700 

Vs 

700 

700 

H 

700 

H 

700 

Vb 

700 

H 

700 

H 

700 

Vi 

700 

H 

700 

H 

700 

Ji 

700 

1 

700 

1 

700 

1 

700 

IH 

700 

1,000 

1J< 

1,600 

IJi 

2,200 

IH 

700 

1,000 

1J4 

1,600 

2,500 

IH 

2,200 

3,000 

2 

700 

1.000 

2 

1,600 

2,600 

2 

2,200 

3,000 

2H 

800 

1,000 

2M 

1,600 

2,000 

2H 

2,200 

3,000 

3 

800 

1,000 

3 

1,500 

2,000 

3 

3.000 

m 

1,000 

3H 

2,000 

3H 

2,500 

4 

1,000 

4 

2,000 

4 

2.500 

4H 

1.000 

4H      , 

1,800 

43^ 

2,000 

5 

1,000 

5 

1,800 

5 

2,000 

6 

1,000 

6 

1,800 

6 

2,000 

7 

1,000 

7 

1,500 

7 

2,000 

8 

800 

8 

1,500 

8 

2,000 

8 

1,000 

8 

9 

900 

9 

1,500 

9 

10 

600 

10 

1,200 

10 

10 

800 

10 

10 

900 

10 

11 

800 

11 

1,100 

11 

12 

600 

12 

1,100 

12 

12 

800 

12 

13 

700 

13 

1,000 

13 

14 

700 

14 

1,000 

14 

' 

16 

600 

15 

1,000 

15 

Bursting  and  Safe  Working  Pressures,— Numerous  factory 
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tests  to  determine  the  actual  btirsting  presstire  of  wrought  pipe 
have  proved  Barlow's  formula  to  be  correct.    Barlow's  formula  is 


BP  = 


2TXTS 
OD 


in  which  BP= bursting 
pressure  in  lbs.  per  sq.  in.;  Tf^^ thickness  of  the  wall  in  ins.; 
OD  =  outside  diameter  of  pipe  in  ins.;  TS— tensile  strength. 

The  value  of  TS  as  determined  from  actual  tests  by  the  Crane  Co.,  is 
40,000  lbs.  per  sq.  in.  for  butt  wdded  pipe  and  50,000  lbs.  for  lap  welded 
steel  jpipe.  The  following  table  is  based  on  Barlow's  formula  and  the 
workmg  pressures  given  is  based  on  a  factor  of  safety  of  eight. 


WROUGHT  STCCL  PkP£ 

BURSTINO  AND  WORKING  PRESSURES 

(  0  D. 

9rAlfl>AIIB                          1 

EnmA  8i«oira 

DOVBLB  EXTKA  BrmoNo  ^ 

Larci 

mammartm 

mm 

asw 

FlMMr 

Pnmin 

wwktoff 
FMiar 

Bvnttac 
Pnmma 
BwtoWt 

Wofklnc 
PrMMirt 

FMtor 

Buraiing 
Prawura 

Worfehtc 

PTMwire' 

FlMMr 

Burauoe 
PrcHwe 

«r.jrVinC 
PrcMora 

rvtor 

• 

r«nmu 

I 

roraavto 

0 

Barlow'a 

9 

Barloir'i 

0 

iMhM 

roraiuia 

rorflnda 

l< 

M.4n 

MTO      . 

1I.7M 

MM 

• 

( 

njm 

lOM 

17,034 

SMS 

> 

wm 

ISM 

i^-SS 

19* 

y 

lOfit* 

»W 

14.000 

ITM 

28.000 

3S00 

9J 

. 

Mtt 

1070 

11.7M 

1710 

33,404 

son 

T 

Sjon 

1011 

10388 

ISIl 

21,770 

2722 

IK 

C744 

IM 

9.900 

IIM 

18.408 

2301 

l\ 

cm 

m 

8.410 

lOM 

10340 

21M 

■i 

•.IM 

OM 

7.3M 

•17 

14.080 

1836 

1 

MM 

TM 

7.0M 

» 

1$3M 

19M 

4JM 

tIT 

MM 

1S.714 

1714 

4 

MM 

m 

7.0M 

004 

15.900 

1W7 

MH 

» 

7.4M 

IM 

14,970 

1171 

•f 

4.M* 

7.1M 

M7 

14.3M 

1778 

4^ 

f» 

C7M 

MS 

13.4M 

lOU 

• 

4410 

at 

04M 

»5 

13,040 

lOM 

7 

M40 

4H 

O.SM 

110 

11.470 

1434 

• 

.I.7W 

4M 

f.7M 

7» 

10.1M 

1207 

f 

MM 

«44 

MM 

140 

If 

MM 

414 

4.0M 

Ml 

U 

MM 

Ml 

I.MO 

4M 

H 

S3M 

^ 

I3M 

440 

If 

ijM 

417 

M 

2340 

m 

S.IW 

MO 

U 

2.0M 

2M 

2.770 

340 

10 

. 

1,870 

234 

23M 

US' 

a 

. 

1.7W 

213 

2370 

2M 

M 

. 

13M 

IM 

S;QM 

NO      I 

taU 

MMWfVW 

u^ImMwc 

Idedplpewi 

M  figured  01 

itlsM3inc)i 

uiduxuilo 

rand  lap  w< 

ddedpipei 

liM  ^K  iDch  and  langtr. 

Ques.    Are  the  working  pressures  given  in  the  table 
ordinarily  used  on  pipe  lines  ? 

Ans.    No.  A  considerable  margin  must  be  allowed  on  accotint 
of  the  erecting  and  operating  strains  which  come  on  the  fittings. 

Valves  and  fittings  are  classified  under  ^ve  general  headings:  2,  Low 
prcMiire.— Suitable  for  pressures  up  to  26  lbs.  per  sq.  in.;  2,  Standard.-- 
Suitable  for  pressures  up  to  125  lbs.;  3,  Medium  pressure. — Suitable  for 
pressures  frcun  125  to  175  lbs.;  4.  Extra  heavy. — Suitable  for  pressures 
from  175  to  250  lbs.;  5,  HudrauUc* — Suitable  for  water  pressures  up  to 
6.000  or  more  lbs. 
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2.  FITTINGS 

Since  pipe  cannot  be  obtained  in  unlimited  lengths,  and  the 
fact  that  in  practically  all  pipe  installations  there  are  numerous 
changes  in  directions,  branches,  etc.,  pipe  fittings  have  been 
devised  for  the  necessary  connections.  By  definition  the  term 
pipe  fittings  is  used  to  denote  all  those  pieces  that  may  be  attached 
to  pipes  in  order  1,  to  alter  the  direction  of  a  pipe,  2,  to  connect 
a  branch  with  a  main,  3,  to  close  an  end,  and  4,  to  connect  two 
pipes  of  different  sizes.* 

There  is  an  undue  multiplicity  of  fittings  on  the  market  and  the  supply 
house  that  keeps  all  of  them  is  mdeed  hard  to  find,  hence  in  pipe  fitting,* 
it  is  advisable  to  use  only  the  simplest  fittings,  because  special  or  tmusual 
forms  are  hard  to  get  and  costly. 

All  these  various  fittings  may  be  classed 

1.  With  respect  to  material,  as 

a.  Cast  iron. 

b.  Malleable  iron. 

c.  Brass. 

2.  With  respect  to  design,  as 

a.  Plain. 

b.  Beaded. 


♦  NOTE. — ^According  to  the  National  Tube  Co.,  couplings  and  valvea  are  not  considered 
as 'fittings.  Couplings  are  excluded  perhaps  on  account  of  the  custom  of  furnishing  a  coupling 
with  each  length  of  pipe.  Strictly  speaking,  however,  the  author  believes  that  couplings 
should  be  regarded  as  fittings. 

*  NOTE. — ^The  difference  in  meaning  between  the  terms  pipe  fittings  and  pipe  fiUing 
should  be  noted.  Thus,  pipe  fittings  denotes  the  various  devices,  such  as  elbows,  T's,  etc.,  used 
ia  oonnecting  pipes,  and  pipe  fitting,  the  process  of  cutting,  threading,  and  screwing  the  pipes 
and  fittings  together,  the  man  who  does  thi<t  being  called  &  pipe  fitter.  There  are  a  good  many 
persons  posing  as  pipe  fitters  who  have  no  right  to  the  title  Judging  from  the  gnaiitg  of  their 
work. 
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3.  With  respect  to  the  method  of  connecting,  as 

o.  Screwed. 
b.  Flanged. 
<;•  Ball  and  spigot* 

4.  With  respect  to  strength,  as 

a.  Standard. 

b.  Extra  strong  (or  heavy) . 

c.  Double  extra  strong  (or  heavy). 

5.  With  respect  to  the  surface,  as 

a.  Black. 

b.  Galvanized. 

6.  With  respect  to  finish,  as 

a.  Rough. 

b.  Semi-finished. 

c.  Polished. 

7.  With  respect  to  service,  as 

a.  Gas. 

b.  Steam. 

c.  Hydraulic  (heavy  pressure). 

d.  Drainage. 

e.  Railing. 

The  following  definitions  (from  the  National  Tube  Co.'s  book 
of  pipe  standards),  relating  to  pipes,  joints,  and  fittings  will 
be  found  helpful  to  the  pipe  fitter,  and  those  desiring  to 
acquire  a  knowledge  of  the  subject. 


Definitions 

Armstrong  Joint. — A  two  bolt,  flanged  or  lugged  connection  for  high 
pressures.  The  ends  of  the  pipes  are  peculiarly  formed  to  properly  hdd 
a  gutta-percha  ring.     It  was  originally  made  for  cast  iron  pipe.     The 
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two  bolt  feature  has  much  to  commend,'i<^«~  There  are  various  substitutes 
for  this  joint,  many  of  which  employ  rubber  in  place  of  gutta-percha; 

others  use  more  bolts  in  order  to  reduce  the  cost. 

«» 

Bell  and  spigot  Joint, — 1.  The  ustial  term  for  the  joint  in  cast  iroa 
pipe.  Each  piece  is  made  with  an  enlarged  diameter  or  bell  at  one  end 
into  which  the  plain  or  spigot  end  of  another  piece  is  inserted  when  laying. 
The  joint  is  then  made  tight  by  cement,  oakum,  lead,  rubber  or  other 
suitable  substance,  which  is  driven  in  or  caulked  into  the  bell  and  aroimd 
the  spigot.  When  a  similar  joint  is  made  in  wrought  pif>e  by  means  c^  a 
cast  DeU  (or  hub),  it  is  at  times  called  hub  and  spigot  joint  (poor  usage). 
Matheson  joint  is  a  name  applied  to  a  similar  joint  m  wrought  pipe  whidx 
has  the  bell  formed  from  the  pipe.  2.  Applied  to  fittings  or  valves,  means' 
that  one  end  of  the  run  is  a  ''bell"  and  the  other  end  is  a  "spigot,"  similar 
to  those  used  on  regular  cast  iron  pipe. 

Bonnet, — 1.  A  cover  used  to  guide  and  enclose  the  tail  end  of  a  valve 
spindle.    2.  A  cap  over  the  end  of  a  pipe. 

Branch, — ^The  outlet  or  inlet  of  a  fitting  not  in  line  with  the  run,  but 
which  may  make  any  angle. 

Branch  ell, — 1.  Used  to  designate  an  elbow  having  a  back  outlet  in  line 
with  one  of  the  outlets  of  the  "run."  It  is  also  called  a  heel  outlet  elbow. 
2.  Incorrectly  used  to  designate  side  outlet  or  back  outlet  elbow. 

Branch  pipe, — A  very  general  term,  used  to  signify  a  pipe  either  cast 
or  wrought,  that  is  equipped  with  one  or  more  branches.  Such  pipes  are 
used  so  frequently  that  they  have  acquired  common  names  such  as  tees, 
crosses,  side  or  back  outlet  elbows,  manifolds,  double  branch  elbows,  etc. 
The  term  branch  pipe  is  generally  restricted  to  such  as  do  not  conform  to 
usual  dimensions. 

Branch  tee,  (header). — A  tee  having  many  side  branches.  (See  mani- 
fold.) 

Bull  head  tee, — ^A  tee,  the  branch  of  which  is  larger  than  the  run. 

Bushing. — ^A  pipe  fitting  for  the  piarpose  of  connecting  a  pipe  with  a 
fitting  of  larger  size,  being  a  hollow  plug  with  internal  and  external  threads 
to  suit  the  different  diameters. 

Card  weight  pipe, — ^A  term  used  to  designate  standard  or  full  weight 
pipe,  which  is  the  Briggs'  standard  thickness  of  pipe. 

Close  nipple, — One  of  the  length  of  which  is  about  twice  the  length  of  a 
standard  pipe  thread  and  is  without  any  shoulder. 

Coupling, — ^A  threaded  sleeve  used  to  connect  two  pipes.  Commercial 
couplings  are  threaded  to  suit  the  exterior  thread  of  the  pipe.  The  term 
coupling  is  occasionally  used  to  mean  any  jointing  device  and  may  be 
applied  to  either  straight  or  reducing  sizes. 
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Cross. — ^A  pipe  fitting  with  four  branches  arraneed  in  pairs,  each  pair  on 
one  axis,  and  the  axis  at  right  angles.  When  the  outlets  are  otherwise 
arranged  the  fittings  are  branch  pipes  or  specials. 

Cross  over. — A  fitting  with  a  double  offset,  or  shaped  like  the  letter  U 
vrith  the  ends  turned  out.  It  is  only  made  in  small  sizes  and  used  to  pass 
the  flow  of  one  pipe  past  another  when  the  pipes  are  in  the  same  plane. 

Cross  over  fee.— A  fitting  made  along  the  lines  similar  to  cross  over, 
but  having  at  one  end  two  openings  in  a  tee  head  the  plane  of  which  is  at 
right  angles  to  the  plane  of  the  cross  over  bend. 

Cross  valve. — 1.  A  valve  fitted  on  a  transverse  pipe  so  as  to  open  com- 
munication at  will  between  two  parallel  lines  of  piping.  Much  used  in  con- 
nection with  oil  and  water  arrangements,  especially  on  ship  board.  2. 
Usually  considered  as  an  angle  valve  with  a  back  outlet  in  the  same  plane 
as  the  other  two  openings. 

Crotch. — A  fitting  that  has  a  general  shape  of  the  letter  Y.  Caution 
should  be  exercised  not  to  confuse  the  crotch  and  wye  ('Y). 

Double  branch  elbow. — ^A  fitting  that,  in  a  manner,  looks  like  a  tee, 
or  as  if  two  elbows  had  been  shaved  and  then  placed  together,  forming  a 
shape  something  like  the  letter  Y  or  a  crotch. 

Double  sweep  tee. — ^A  tee  made  with  easy  curves  between  body  and 
branch,  that  is,  the  center  of  the  curve  between  run  and  branch  Hes  out- 
side the  body. 

Drop  elbow. — ^A  small  sized  ell  that  is  frequently  used  where  gas  is  put 
into  a  building.  These  fittings  have  wings  cast  on  each  side.  The  wings 
have  small  countersunk  holes  so  that  they  may  be  fastened  by  wood  screws 
to  a  cd^g  or  wall  or  framing  timbers. 

Drop  tee. — One  having  the  same  peculiar  wings  as  the  drop  elbow. 

Dry  joint. — One  made  without  gasket  or  packing  or  smear  of  any  kind, 
as  a  ground  joint. 

Elbow  (ell). — ^A  fitting  that  makes  an  angle  between  adjacent  pipes. 
The  angle  is  always  90  degrees,  unless  another  angle  is  stated.  (See  Branch , 
Service  and  Union  £11.) 

Extra  heavy. — ^When  applied  to  pipe,  means  pipe  thicker  than  standard 
pipe;  when  applied  to  valves  and  fittings,  indicates  goods  suitable  for  a 
working  pressure  of  250  pounds  per  square  inch. 

Header. — ^A  large  pipe  into  which  one  set  of  boilers  is  connected  by 
suitable  nozzles  or  tees,  or  similar  large  pipes  from  which  a  number  of 
smaller  ones  lead  to  consuming  ^ints.  Headers  are  often  used  for  other 
purposes — ^for  heaters  or  in  refrigeration  work.  Headers  are  essentially 
branch  pipes  with  many  outlets,  which  are  usually  parallel.  Largely 
iised  for  tubes  of  water  tube  boilers. 


2,832  PIPE,  FITTINGS,  AND  PIPE  FITTING 


Hydrostatic  joint, — ^Used  in  large  water  mains,  in  which  sheet  lead  is 
forced  tightly  into  the  beU  of  a  pipe  by  means  of  the  hydrostatic  pressure 
of  a  liquid. 

Lead  Joint, — 1.  Generally  used  to  signify  the  connection  between  pipes 
which  is  made  by  i>ouring  molten  lead  into  the  annular  space  between  a  bdl 
and  spigot,  and  then  maJdng  the  lead  tight  by  calking.  2.  Rarely  used  to 
mean  the  joint  made  by  pressing  the  lead  between  adjacent  pieces,  as  when 
a  lead  ga^et  is  used  between  nanges. 

Lead  wool. — ^A  material  used  in  place  of  molten  lead  for  making  ^ipe 
joints.  It  is  lead  fiber,  about  as  coarse  as  fine  excelsior,  and  when  made  in  a 
strand,  it  can  be  calked  into  the  joints,  making  them  very  solid. 

Line  pipe. — Special  brand  of  pipe  that  employs  recessed  and  taper 
thread  couplings,  and  usually  greater  length  of  thread  than  Briggs'  stand- 
ard.   The  pipe  is  also  subjected  to  higher  test. 

Lip  union. — 1.  A  special  form  of  union  characterized  by  the  lip  that 
prevents  the  gasket  being  squeezed  into  the  pipe  so  as  to  obstruct  the  flow. 
2.  A  ring  union,  tuiless  flange  is  specified. 

Manifold. — 1.  A  fitting  with  numerous  branches  used  to  convev  fluids 
between  a  large  pipe  and  several  smaller  pipes.  (See  Branch  Tee.;  2.  A 
header  for  a  coil. 

Matheeon  Joint. — ^A  wrought  pipe  joint  made  by  enlarging  one  end  of 
the  pipe  to  form  a  suitable  lead  recess,  similar  to  the  beU  of  a  cast  iron 
pipe,  and  which  receives  the  male  or  spigot  end  of  the  next  length. 

Practically  the  same  style  of  a  joint  as  used  for  cast  iron  pipe. 

Medium  pressure. — ^When  applied  to  valves  and  fittings,  means  suitable 
for  a  working  pressure  of  from  125  to  175  pounds  per  square  inch. 

Needle  valve. — ^A  valve  provided  with  a  long  tapering  point  in  place  of 
the  ordinary  valve  disc.  The  tapering  point  permits  fine  graduation  of  the 
opening.    At  times  called  a  needle  point  valve. 

Nipple. — 1.  A  tubular  pipe  fitting  usually  threaded  on  both  ends  and 
under  12  inches  in  length.  Pipe  over  12  inches  is  regarded  as  cut  pipe. 
(See  Close,  Short,  Shoulder  and  Space  Nipple.) 

Reducer. — 1 .  A  fitting  having  a  larggr  size  at  one  end  than  at  the  other. 
Some  have  tried  to  establish  the  term  "increaser" — thinking  of  direction 
of  flow — ^but  this  has  been  due  to  misunderstanding  of  the  trade  custom 
of  always  giving  the  largest  size  of  nm  of  a  fitting  first;  hence,  all  fittings 
having  more  than  one  size  are  reducers.  They  are  always  threaded  inside 
unless  specified  flanged  or  for  some  special  joint.  2,  Threaded  t5rpe,  made 
with  abrupt  reduction.  3.  Flanged  pattern  with  taper  body.  4.  Flanged 
eccentric  pattern  with  taper  body,  but  flanges  at  90  degrees  to  one  side  of 
body.    6,  Misapplied  at  times,  to  a  reducing  coupling. 
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Run, — 1.  A  length  of  pipe  that  is  made  of  more  than  one  piece  of  pipe, 
2.  The  portion  of  any  fitting  having  its  ends  "in  Hne"  or  nearly  so,  in 
contradistinction  to  the  branch  or  side  opening,  as  of  a  tee.  The  two 
main  openings  of  an  ell  also  indicate  its  nm,  and  where  there  is  a  third 
opening  on  an  ell,  the  fitting  is  a  "side  outlet"  or  "back  outlet"  elbow, 
except  that  when  all  three  openings  are  in  one  plane  and  the  back  outlet  is 
in  line  with  one  of  the  run  openings,  the  fitting  is  a  "heel  outlet  elbow"  or  a 
"single  sweep  tee"  or  sometunes  a  "branch  tee." 

Rust  joint, — ^Employed  to  secure  rigid  connection.  The  joint  is  made 
by  paclang  the  intervening  space  tightiv  with  a  stiEt  paste  which  oxidizes 
the  iron,  the  whole  rusting  together  and  hardening  into  a  solid  mass.  It 
generally  cannot  be  separated  except  by  destroying  some  of  the  pieces. 
One  recipe  is  80  potmds  cast  iron  borings  or  filings,  1  pound  sal-ammoniac^ 
2  pounds  flowers  of  sulphur,  mixed  to  a  paste  with  water. 

Service  elL — ^An  elbow  having  an  outside  thread  on  one  end.  Also 
known  as  a  street  ell. 

Service  pipe, — ^A  pipe  connecting  mains  with  a  dwelling. 

Service  tee,^-A  tee  having  inside  thread  on  one  end  and  on  branch,  but 
outside  thread  on  the  other  end  of  run.    Also  known  as  street  tee. 

Short  nipple* — One  whose  length  is  a  little  greater  than  that  of  two 
threaded  lengths  or  somewhat  longer  than  a  dose  nipple.  It  alwajrs  has 
some  unthreaded  portion  between  the  two  threads. 

Shoulder  nipple, — A  nipple  any  length,  which  has  a  portion  of  pipe 
between  two  pipe  threads.  As  generally  used,  however,  it  is  a  nipple  about 
halfway  between  the  length  of  a  dose  nipple  and  a  short  nipple. 

Space  nipple, — ^A  nipple  with  a  portion  of  pipe  or  shoulder  between  the 
two  threads.    It  may  be  of  any  length  long  enough  to  allow  a  shoulder. 

Standard  pressure, — ^A  term  applied  to  valves  and  fittings  suitable 
for  a  working  steam  pressure  of  125  pounds  per  square  inch. 

Street  elbow, — An  elbow  having  an  outside  thread  on  one  end;  also 
called  service  ell. 

Tee, — ^A  fitting,  either  cast  or  wrought,  that  has  one  side  outlet  at  right 
angles  to  the  run.  A  single  outlet  branch  pipe.  (See  Branch,  BuU  Head, 
Cross  over.  Double  Sweep,  Drop,  Service  and  Union  Tee.) 

Union, — 1.  The  usual  trade  term  for  a  device  used  to  connect  pipes.  It 
commonly  consists  of  three  pieces  which  are  first,  the  thread  end  fitted 
with  exterior  and  interior  threads;  second,  the  bottom  end  fitted  with 
interior  threads  and  a  smaller  exterior  shoulder;  and  third,  the  ring  which 
has  made  an  inside  flange  at  one  end  while  the  other  end  has  an  inside  thread 
like  that  on  the  exterior  of  the  thread  end.  A  gasket  is  placed  between 
the  thread  and  bottom  ends,  which  are  drawn  together  by  the  ring.    Unions 
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are  very  extensively  used,  because  they  permit  of  connections  with  little 
disttirbance  of  the  pipe  positions. 

Union  elL — ^An  ell  with  a  male  or  female  union  at  one  end. 

Union  fitting. — An  elbow  or  tee  combined  with  a  tmion. 

Union  Joint. — ^The  pipe  coupling,  usually  threaded,  which  permits  dis- 
connection without  disturbing  other  sections. 

Union  tee. — ^A  tee  with  male  or  female  union  at  connection  on  one  end 
<^run. 

Wiped  Joint. — ^A  lead  joint  in  which  the  molten  solder  is  poured  upon 
the  desired  place,  after  scraping  and  fitting  the  parts  together,  and  the 
joint  is  wiped  up  by  hand  with  a  moleskin  or  cloth  paid  while  the  metal  is 
m  a  plastic  condition. 

Wye  (y). — ^A  fitting  either  cast  or  wrought  that  has  one  side  outlet  at  any 
angle  otli^  than  90  d^rees.  The  angle  is  usually  45  den*ees,  xmless  another 
angle  is  specified.    The  fitting  indicated  by  the  letter  Y. 

Cast  Iron  Fittings. — Standard  beaded  or  flat  band  fittings 
of  cast  iron  are  suitable  for  125  lbs.  steam  or  176  lbs.  water 
pressure.  These  fittings  will  require  from  1,000  to  2,500  lbs. 
to  burst  them,  the  large  factor  of  safety  is  necessary  in  their  use 
because  of  the  strain  due  to  expansion,  contraction,  weight  of 
piping,  settling  and  water  hammer,  and  quality  of  the  work  of 
erecting,  together  with  the  possibility  that  they  will  not  run 
uniform.  For  steam  pressures  above  125  lbs.  extra  heavy- 
fittings  should  be  used. 

Malleable  Iron  Fittings. — Standard  beaded  or  flat  band 
fittings  of  malleable  iron  are  intended  for  steam  pressures  up  to 
150  lbs.  Such  fittings  have  at  various  times  been  subjected 
to  hydraulic  pressures  of  from  2,000  to  4,000  lbs.  without 
bursting  them.  It  would  accordingly  seem  that  they  would  be 
safe  for  250  lbs.  steam  pressure. 

If  proper  care  be  exercised  in  fitting  and  using  them  they  will 
undoubtedly  be  fotind  satisfactory  for  pressures  up  to  500 
lbs.,  but  as  all  fittings  are  subjected  to  strain  due  to  expan- 
sion, contraction,  and  making  up  the  joints,  they  are  not  recom- 
mended for   pressures   over    150   lbs.     In   fact,    since   extra 
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heavy  fittings  cost  only  a  little  more,  it  is  in  g^eral  also  eoonomy 
to  use  standard  flattings  for  presstires  above  150  lbs. 

Standard  plain  pattern  malleable  fittings  are  used  for  low 
pressure  gas  and  water,  house  plumbing  and  railing  work. 

Brass  Fittings. — These  are  made  in  both  standard,  extra 
heavy,  and  cast  iron  patterns  (iron  pipe  sizes),  and  are  used  for 
brass  feed  water  pipes  where  bad  wat^  makes  steel  pipes  unde- 
sirable. The  standard  brass  fittings  are  usually  made  in  sizes 
J^  to  3  ins.,  suitable  for  125  lbs.  pressure;  extra  heavy  fittings, 
^  to  6  inches,  suitable  for  150  lbs.  pressure;  cast  iron  patterns 
in  all  sizes,  suitable  for  260  lbs. 

Semi-Steel  Fittings. — Extra  heavy  semi-steel  flanged  fittings 
as  listed  by  Kelly  Jones  can  be  had  in  stock  sizes  from  IJ^  to 
8,  ins.,  tested  to  2,000  lbs.  hydraulic  pressure  and  are  recom- 
mended for  800  lbs.  pressure.  These  fittings  are  regularly 
furnished  with  male  face  unless  otherwise  ordered. 

Cast  Steel  Fittings. — ^These  are  made  extra  heavy  with 
screwed  or  flanged  ends.  The  screwed  fittings  are  listed  in 
sizes  from  3  to  6  ins.  The  3  to  4J^  in.  sizes  inclusive  kre 
tested  for  1,500  lbs.  hydrostatic  pressure,  and  the  6  and  6  in. 
sizes,  for  1,200  lbs.  pressure. 

The  radii  of  these  fittings  are  larger  than  the  ordinary,  thereby  reducing 
friction.  They  are  suitable  for  the  working  pressures  just  given  when 
used  in  hydratdic  installations  in  which  shock  is  absent  or  so  slight  as  to 
be  negligible. 

Ordinarily  these  fittings,  when  subject  to  shock,  should  not  be  used  for 
working  pressures  higher  than  65%  of  the  hydrostatic  test  pressure,  and 
where  shock  is  severe,  50  %,  or  even  40%,  will  be  more  conservative. 
Installations  of  this  character  should  always  be  protected  by  ^odc 
absorbers  placed  to  the  best  advantage. 
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Forged  Steel  Fittings. — The  extra  heavy  hydraulic  forged 
steel  screwed  fittings  are  suitable  for  superheated  steam  up  to 
2,350  lbs.  pressure,  a  total  temperature  of  800®  Pahr.,  also  for 
cold  water  or  oil  working  pressures  up  to  3,000  lbs.  hydro- 
static pressure. 

They  are  regularly  made  from  solid  f orgincs  in  sizes  ranging  from  ^  to 
2J/$  ins.  inclusive,  and  are  tested  to  3,000  Ids.  hydraulic  pressure.  The 
double  extra  heavy  pattern  is  suitable  for  cold  water  or  oil  working  pres- 
stires  up  to  6,000  lbs.  hydrostatic  pressure.  They  are  regularly  made 
from  soHd  fcHrgings in  sizes  ranging  from  ^  to  2  ins.  inclusive,  and  iare  tested 
to  6,000  lbs.  hydrostatic  pressure. 


The  Various  Fittings. — ^There  is  a  great  multiplicity  of 
fittings  due  to  the  many  modifications  of  each  class  of  fitting,  and 
the  several  weights  and  different  metals  of  which  they  are  made. 
A  list  of  names  of  these  fittings  may  be  divided  into  several 
groups,  classified  with  respect  to  the  use  made  of  the  fittings,  a^ 


1    Extension  or  joining. 

a.  Nipples.         d.  Offsets. 

b.  Lock  nuts.      e.  Joints. 

.    c.  Couplings.     /.   Unions. 


2.  Reducing  or  enlarging, 


a.  Bushings. 

b.  Reducers. 


3.  Directional. 


a.  Offsets. 
&.  Elbows. 
c.  Return  bends. 


4.  Branching. 

a.  Side  outlet  elbows. 

b.  Back  outlet  return  bends. 

c.  Tees. 

d.  Y  branches. 

e.  Crosses. 


6.  Shut  off  or  closing. 

a.  Plugs. 

b.  Caps. 

c.  Blind  flanges. 


6.  Union  or  **make  up." 

a.  Union  elbows. 

b.  Union  tees. 
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1,  Extension  or  Joining  Fittings 

Nipples. — The  pipe  fitter  usually  makes  any  nipples  required, 
but  usually  better  nipples  (especially  the  close  and  short  variety) 
can  be  obtained  from  the  supply  house  at  less  cost. 


FlOB.  S.OSft  to  £.03Ta. — Americofi  BriaiB  ptuidard  pipe  thread,  bad  rmff  Aod  pln^  ff&u 

""  " '         .  -  •-  'n  ffie £oiinul» aiid  tabta  below. 

TMlTlOrMliiOinrtDH. 
:  (Villi  mM>-H»Xjpf^  l>(«lb«IT1inHi3^ 

HMgRtCAH  BHIQCB  BTANDARP  PtPt  THREADS 
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N9  pipe  filter  deserving  to  be  eailtd  iiiek  wHi  atttmpt  to  cut  tiipples  vi^unU 
a  proper  nipple  holder ,  such  as  shown  in  fig.  S,014,alttiouzh  some  plumbers 
and  others  are  often  guilty  of  such  practice  when  working  by  the  day 
instead  of  by  the  job. 

J^YppXes  tiie  short  pieus  of  pipe  (12"  and  under),  threaded  at  both  ends. 
Where  fittings  or  valves  are  to  be  very  close  to  each  other,  the  interyoning 
nipple  is  just  long  enough  to  take  the  threads  at  each  end,  being  called  a 
CKMe  nipptef  as  in  fig.  6,03S,  but  if  a  small  amount  of  pipe  intervene 
between  the  threads  it  is  calledaa/ioulder  or  </iorf  nipple,  as  in  fig.  6,039; 
where  a  lai^er  amount  of  bare  pipe  intervenes  it  is  called  a.  long  nipple, 
as  in  fig.  5,040,  or  extra  long  nipple.  The  following  table  give*  the  stan- 
dard proportion  of  wrought  nipples: 


Standard  Wroutht  Nipples 
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Pig.  6,043  shows  a  tank  nipple.  It  has  at  one  end  an  Amexican  Briges, 
standard  lock  nut  thread  4  ins.  long,  and  at  the  other,  a  standard  pipe 
thread.     A  heavy  lock  nut  la  used  on  the  long  thread  end. 

Lock  Nuts. — These  are  made  with  faced  end  for  use  on  long 
screw  nipples  having  couplings,  and  with  a  recessed  or  grooved 
end  to  hold  packing  where  this  is  depended  upon  to  make  a 
tight  joint. 


a.  ifltS  uid  G/MS. — Lock  nut  and  coupling. 


Couplings. — The  ordinary  coupling  usually  comes  with  the 
pipe,  one  coupling  to  each  length  of  pipe,  and  is  therefore  classed 
by  some  as  a  part  of  the  pipe  rather  than  a  fitting.  These  are 
made  of  wrought  or  cast  metal  and  of  brass;  they  are  regularly 


Id  uipiils  bolder  {or  thiwliii(t  cloM  and  ihort  m. 
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Dimensions  of  Standard  Flanges 

American  Standard  for  125  lbs.  Working  Pressxire 
In  effect  January  1st,  1916 


NIT  C«CIC 


Pigs.  5,053  to  5.056.— Jafecld  cast  iron  staadaid  flanges.    Fig.  A.058.  oommon;  fig.  5,054, 
eccentric;  fig.  5,055,  soOd  10  in.  oJt,  and  smaller;  fig.  5.056,  solid  10  in.  o,d.  and  smaller. 
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Jatter,  m  some,  consists  ot  a  ccMuposition  nag  t>earmg  aganut  mm,  and  it 
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Fics.  S.Oee  to  S.072,— OidiliV7iiiil1eabI«1iDicniduuHmbtsd  toshow})STta.  Iltaiulttmof 
thm  parti  snd  a  gulut,  b>  >hc>wn.  In  amtjnbUng  tha  euket  O,  a  idaced  over  the  pn>- 
jtttioD  OD  the  ihouldei  ind  so  that  it  is  in  contact  mth  auifaca  L.  Tha  ring  u  tlipped  over 
the  aboulcler  end  sod  the  threaded  end  placed  in  pisition  *0  that  the  flat  end  auiface  F. 
preiKi  against  the  sailut  and  then  the  ring  ii  screwed  firmly  into  the  threaded  end.  Sinca 
the  shoulder  on  tha  shoulder  and  cannot  bacic  oH  the  ling,  tha  two  ecdi  are  pmsad  fiimly 
together  against  the  gasket  by  the  ting,  thus  securing  a  light  joint. 

A3Kt 


GOOD  ALIGNMENT 

Figs.  E.073  and  5.0T4. — Umitation  of  the  ordinary  gasket  union.  Tht  oUgHmati  nnul  bt  food 
laitcuTiatiihljoinl.  In  the  figure  the  ring  is  onutud  for  clearness.  If  both  ends  be  in  line 
and  firmly  pressed  together  against  the  gadcet  by  the  ring,  the  gasket  will  bear  evenly  ovar 
the  entire  conUct  surlaces  and  the  joint  will  be  tight.    If  the  tno  ends  be  out  of  alignment 

_!.._  .. 7 —  : J  .:_!..  ..  _iii  >.■: . .1,-  gasket  at  M.  whereas  the 

ing  a  leak. 

Fic.  5,076.— Jeffer- 
ground  JMnt;  see- 
grooved  edd. 


Ehowing 
Th« 
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2.  Reducing  or  Enlarging 

Fittings 

Bushings. — ^These  fittings  are  often  confused  with  reducers. 
The  function  of  a  bushing  is  to  connect  the  male  end  of  a  pipe  to  a 
fitting  of  larger  sijze.  It  consists  of  a  hollow  plug  with  male  and 
female  threads  to  suit  the  different  diameters. 

A  bushing  may  be  regarded  as  either  a  reducing  or  an  enlarging 
fitting. 

As  generally  manufactured »  bushings  2}4  inches  and  smaller  reducing 
one  size  are  nfialleable  iron;  i^tidng  two  or  more  sizes  are  cast  iron^  aU 
above  2}4  inches  are  cast  iron  except  brass  bushings,  which  may  be  obtamed 
in  sizes  from  }^  to  4  inches. 


*c_..j> 


Pigs.  5,078  to  5,082. — Various  Jaredci  bushings.  Pig.  5,078,  plain  heavy  nut  bushing  reducing 
one  size;  fig.  5,079,  plain  hexagon  nut  bushing,  reducing  more  than  one  size:  ng.  5,060, 
faced  bushing,  fig.  5,081,  eocentnc  bushing,  reducing  two  or  more  sizes;  fig.  5,062,  DflEset 
bushing. 

Bushings  are  listed  by  the  pip€  sise  of  the  male  thread,  thus  a  ''^  bush- 
ing" ioins  a  Ji  fitting  to  a  ^  pipe.  It  is  better,  however,  in  orderine,  to 
avoid  mistalces  to  spedfv  both  threads,  calling  for  instance,  the  busmng 
just  mentioned  slHXH  oushing. 

The  regular  x)attem  bushing  has  a  hexagon  nut  at  the  female  end  for 
screwing  the  bushing  into  the  fitting. 

For  very  close  work,  the  faced  bushing  is  used,  having  in  place  of  the 
hexagon  nut  a  faced  end.  This  may  be  used  with  a  long  screw  pipe  and 
facedlock  nut  to  form  a  tight  joint  or  to  receive  a  male  end  fitting  for  dose 
work.    Figs.  5,079  and  5,080  show  the  plain  and  faced  types  of  bushing. 

A  form  valuable  where  drainage  of  the  pipe  line  is  desired,  is  the  eccentric 
bushing  shown  in  fig.  5,081.  J^other  form  is  the  offset  bushing  shown  in 
fig.  5,082. 


PIPE,  FITTINGS,  AND  PIPE  FITTING  2fii9 

Reducu^. — The  term  reducer  originated  from  the  trade 
custom  of  always  giving  the  larger  size  of  a  run  of  a  fitting  first, 
and  as  applied,  it  means  a  reducing  or  enlarging  coupling  having 
female  threads  at  both  ends,  &s  distinguished  from  a  bushing 
which  has  both  male  and  female  threads. 

Figs.  5,083  to  5,085  show  various  types  of  reducer.  These  are 
to  be  had  in  a  great  variety  of  stock  sizes. 


Pig.  6,06S,  plain  Teducer  tor  ^aa  or  low 


Pic.  S,086.— jMBckl  etandtiKl  oatt  iron  offiet.    Regular  bimb  Ji  to  B  jnohea,  t 


3.  Directional  Fittings 

Offsets. — In  piping  sometimes  part  of  the  pipe  line  must  be 
in  a  position  parallel  to,  but  not  in  alignment  with  the  balance 
of  the  pipe.  An  experienced  pipe  fitter  can  offset  the  line  by 
bending  the  pipe,  but  ordinarily  where  the  offset  or  distance 
between  the  two  pipe  axes  is  of  standard  dimension,  a  fitting 

NOTE — In  addition  to  buabinss  and  reducers,  there  are  other  reducers  or  enlaraing  fit- 
tingiuredDdiig  elbows,  tees  (so  called}  etc.  which  are  later  described. 
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icalled  an  offset,  as  shown  in  fig.  5,086,  can  be  more  ocmveniently 


Elbows. — ^Where  it  is  necessary  to  change  the  direction  of  a 
pipe  line  in  any  of  several  standard  and  special  angles ,  elbows  are 
used .  For  gas ,  water  and  steam  the  standard  angles  are  45  "  and 
90"  and  the  special  angles  are  22J^°  and  60°. 


Cast  iron  drain^e  fitting  elbows  are  regularly  made  with 
angles  of  55^°.  11J4%  22}^=,  45=,  60°,  90=. 

Elbow  auries  measure  the  degree  that  the  direction  is  changed ,  as  shown 
in  figs.  5,087  and  5,088;  these  figures  should  be  carefully  noted  to  avoid 
confusion.  The  angle  is  not  the  angle  belteeen  the  two  arms  but  the  ande 
beltveen  the  axis  of  one  arm  and  the  projected  axis  of  the  other  arm,  as  m 
figs.  5,087  and  5,088. 

There  is  a  large  variety  of  elbows.  Figs.  5,089  to  5,101  show  some  stand- 
ard patterns;  ff^.  5,102  and  5,103,  R  and  L,  and  reducing  cast  iron  elbows; 
iigs.  5,104  to  5.111,  various  cast  iron  drain^e  elbows. 
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Some  manufacturers  also  make  an  extra  close,  and  extra  wide 
pattern.  These  patterns  represent  various  widths  between  the 
two  arms. 

There  seems  to  ba  no  standard  as  to  the  spacing  of  the  arms  for  the 
different  patterns,  hence  for  dose  work  the  fitter  should  ascertain  the  center 
to  center  dimensions  of  the  make  to  be  vsed/rom  the  manufacturer's  catalogue. 
Hie  table  on  the  following  page  shows  dimensions  of  the  various  patterns 
as  made  by  Jarecki  Mfg.  Co.    Compare  with  Crane  dimensions  below. 

Malleable  Return  Bends 

(Dinunsioiu  H  Dude  by  Cruie  &  Co.) 
.  BtTUW  BtHOm,  CtOM  OB  MtPtUlil  WTTCIW 


;  to  6,111.— Varioua  cast  iron  dnuoage  elbow).  Fig.  S.104,  Vij  bend,  or  SSj'elbow, 
..■^bend.orll!^'' abort  elbow;  fi^,!08,  Mibend,or22M">hortelbpw:  %.  B.107, 
,  or  30- short  elbow;  fig.  6. lOS.  Mb=nd  or«°  short  elbow;  fig.  S.IOO.M  dbow.  or 
Elbowifig.i.llO.W  bend,  or 90' short  elbow;  fig.  B,lll.  H  tend,  or  W"  long  elbow 
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Return  bends  smaller  than  the  H  inch  size  are  difficult  to  get  as  very 
few  manufacturers  make  them,  hence  it  should  be  noted  that  the  Jaredd 
return  bends  are  made  in  the  }4  and  J4  sizes  according  to  the  above  list. 

For  making  up  so  called  * 'coils"  of  short  lengths  of  pipe,  rettim 
t)ends  may  be  obtained  tapped  with  **pitch/'  that  is,  so  the  pipes 
when  screwed  into  the  fitting  will  not  be  parallel  but  spread 


FITTING  CAN  BE  SCREWED  ON 


PITCHED  RETURN  5END 


PITCH 
"^ANGLE 


CLCARANCE 
NECESSARY 
TO  SCREW 
ON  FITTING 


PETURN  BEND  WITHOUT  PITCH 


FITTING  CANNOT  BE  SCREWED  ON 


NTERFERENCe 


Tigs.  5,117  and  5,118.— Coil  being  made  up  with  short  pipe  length3  and  with  return  bends 
havin^^  "pitch"  and  no  pitch.  //  the  thretuh  be  tapped  m  the  fitting  at  a  slight  angle  so  that 
the  pipes  will  be  inclined  to  each  other  as  in  fig.  5,117,  there  will  be  room  enough  to  screw 
on  bend  A,  without  encountering  fitting  B.  //  the  bende  have  no  pitch,  as  in  fig.  5,118,  then 
in  screwing  on  bend  A,  the  other  bend  B ,  will  be  in  the  way,  maldng  it  difi&cult  to  screw  on  A. 
Of  course  this  interference  may  be  overcome  in  special  cases  by  pryiiuE  the  pipe  ends  apart 
with  a  wedge.  The  author  made  up  a  ntmiber  of  H-inch  coils  vmh  Z-foot  pti^  lengths  by 
this  method.  The  minimum  length  of  pipe  that  can  be  made  ^  in  this  way  will,  of  course, 
depend  on  the  size,  and  is  best  determined  by  experiment.  With  y^vacti.  pipe,  the  2-foot 
length  is  about  as  short  as  shiDuld  be  used,  though  it  is  probably  possible  to  reduce  the  length 
to  1 H  feet. 


like  the  sides  of  the  letter  V.  Such  bends  are  usually  listed  with 
minimum  pipe  lengths  for  which  the  pitch  is  suitable.  For 
instance,  Crane  Co.  list  such  bends  as  follows: 
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outlets  of  equal  size,  and  with  side  outlet  one  and  two  sizes 
smaller  than  rim  outlets. 

In  general  it  is  not  well  to  specify  too  often  fittings  of  this  kind  which 
are  not  so  much  in  demand  as  the  more  usual  forms  because  they  are 
sometimes  difficult  to  get. 

Back  and  Side  Outlet  Return  Bends. — ^These  are  simply 
return  bends  provided  with  an  additional  outlet  at  the  back  or 
side  as  shown  respectively  in  figs.  5,125  and  5,126.  They  are 
regularly  made  in  sizes  ranging  from  ^  to  3  ins.  inclusive,   in 


Pigs.  5,123  to  5,126.-— Jarecki  cast  iron  branch  tees  or  headers. 

the  close  or  open  patterns,  tapped  right  hand  or  right  and  left, 
as  follows: 

Side  and  Back  Outlet  Return  Bends 


Size 

% 

1 

IK 

IH 

2 

2H 

3 

Center  to  center,  close. 

iH 

m 

2H 

2H 

3 

^% 

4J4 

Center  to  center,  open 

2 

2Vi 

ZH 

^M 

4 

4H 

6K 

Tees. — These  are  the  most  important  and  widely  used  of  the 
branching  fittings.  Tees,  like  elbows,  are  made  in  a  multiplicity 
of  size  and  pattern.  They  are  used  for  making  a  branch  at  90** 
to  the  main  pipe,  and  always  have  the  branch  at  right  angles. 


PIPE,  FITTINGS,  AND  PIPE  FITTING 


183  are  listed  in  one  catalogue  far  sizes,  mnginK  iiom  yi  ta  d  inch.       It 
should  be  noted,  however,  that  Ihe  number  of  paUerm  unially  carried  tn 

stock  is  very  small,  hence  it  is  not  advisable  in  general  to  specify  unusual 


I.  5,130  toS,iaS.— Sjitcinof  Bpeciffine  tHB.  Pig.  E,I36,  lUoutleta  thi 
VB  lizd  oC  pipe;  fiiii  S,137,  branch  <1iBareDt  iub  ttuQ  nin.  BDoctfy — 
I.  S,138,  alloutleM -'^"- '" ■'■"" — •- .^»:^-'. 


t,  spMifi'  alt  outleti.  i 


thuslHXIXlM. 


Flou.AilSB  And  5.140.— Method  of  Kpecifymstaes  to  Bvoidponibility  of  miBtaku.    Inordemu 
flttiBfli,  limply  moles  m.  convetxtional  du^imni  of  a  tae  and  put  down  the  dimMunni  desired. 


Tic.  S,143.— Cutii 


I  anlargtag  or  "bull  head"  tea,  enUigiQg  on  side  m 
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are  in  the  same  place  and  at  right  angles  to  each  other.    Crosses 

like  tees  are  made  in  a  mtdtiplidty  of  sizes. 

Regarding  it  as  a  tee  with  a  bade  outlet,  the  tee  part  js  mode  in  various 
combinations  of  sims,  similar  to  ordinary  tees,  but  the  back  outlet  is  nlways 
the  same  uze  as  the  opposite  outlet,  or  side  outlet,  o£  the  tec  part. 

5.  Shut  off  or  Closing  Fittings 

Plufts.— For  closing  the  end  of  a  pipe  or  a  etting  havii^  a 
finale  thread,  a  plug  is  used.  Plugs  are  made  pf  cast  iron, 
malleable  iron,  and  brass. 


Pics  6,leOM.d8,lM.— Jaiecldmitoble  iron  ipottM.    PlK-E,lSO,iiIainor  ns  Httcru  fia. 
6jUl^b«idorM«mipattan.    The  Tdnforcaamt  »mellmo.  OSi  th.^oiSij7\»Sli 


Pros.  5.162  to  B.IET.— Vanoua  plugs.  Figs.  S.153  to  a,I54.  hollow,  solid  and  countenunk 
cut  iron  plues;  fis.  6. IBS.  BcmBrd-Gnenwood  heuEon  head  or  dianund  deum  cut  inn 
plua;  fis.  6.156.  Cisne  Bp«dal  hydraulic  rolled  steel  ^as  for  8,000  Ibi.  _imMu«i  fis. 
6,157,  J&nclci  bull  plug  mads  of  wniughc  mmpipc  in  euee  mudnii fiom Sin.  to  IS  in. 
(6.  D.)  iodusive. 
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lines.  They  are  regularly  made  for  all  sizes  of  pipe  from  5^  in. 
up.  Figs.  6,163  and  5,164  show  standard  brass  flanges  with 
holes  drilled,  and  below  is  a  table  of  dimensions  for  standard 
and  extra  heavy  brass  flanges. 

Flanges  are  furnished  smooth  face  and  not  drilled,  unless  other- 
wise ordered. 

An  important  item  in  regard  to  flanges  is  the  drilling.  Stand- 
ard dimensions  have  been  adopted  for  the  spacing,  size  of  bolts, 
etc.,  by  the  American  Society  of  Mechanical  Engineers,   the 


Pios.  £.163  and  6.1M.— Brasa  flanges.     Pig.  6,163,  lUndari  ud  txtra  heary  plain  Baoge;  fig 
fi,ie«,  citm  heavy  and  female  flaii«eE, 

DimensioiiB  of  Standard  and  Extra  Heavy  Brass  Flantes  l 


Master  Steam  and  Hot  Water  Fitters'  Association,  and  a  com- 
mittee representing  the  manufacturers  of  pipe  fittings.  Tables 
showing  the  dimensions  adopted  for  standard  and  extra  heavy 
cast  irtm  flanges  are  given  on  pages  2,842  to  2,844.  ■  The 
above  table  gives  the  standard  for  brass. 
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be  performed  in  installing  a  pipe  system  as  made  up  of  pipe  and 
fittings.    These  operations  consist  of: 

1.  Pipe  cutting. 

2.  Pipe  threading. 

3.  Pipe  tapping. 

4.  Pipe  bending. 

5.  Assembling. 

The  mechanic  ^o  performs  the  work  of  pipe  fittii^  is  called  a.  pipefitter. 


Fig.  S,16S,— Ordinary  pipe  vise.    It  cambis  of  a  plain  (as  shown),  or  hinged  U-shape  piece 

and  lower  jaws  are  provided  with  a  series  of  rectangular  teeth  as  shown.  When  the  U  piece 
i^  closed  dvcT  the  pipe,  pin  inserted,  the  teeth  of  both  jaws  aie  brought  Id  finn  contact  witb 
the  pipe  by  serening  down  the  upper  jaw  thus  holdiits  the  pipe  firmly. 

and  sometimes  a  steam  fitter,  because  the  work  is  largely  connected  with 
Steam  installation.    Considerable  experience  is  necessary  to  became  a  good 

X  fitter,  and  there  are  a  good  many  perKms  engaged  in  this  occupation 
do  not  deserve  the  title  of  steam  fitter. 

Pipe  Cutting. — ^Wrot^ht  pipe  as  received  from  the  manufac- 
turer, comes  in  lengths  varying  from  12  to  22  feet,  and  in  "pipe 
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•|l||  This  does  not   apply  to  the 

■|-|j".  knife  type  of  pipe  cutter.  The 

°  1*1  appearance  of  the  cuts  made 

S-»'^.l  with  hack  saw  and  pipe  cutter 

pJl  isshowninfigs.5.170to6,173. 

*  I "  '  '^^^  external  shoulder  must 

^                                     I'sM  ^  removed  to  allow  the  pipe 

^                                     g  1^1  to  enter  the  threading  tool  so 

'~~                                     iLiI  °°  worry  need  be  given  that 


3 


the  workman  will  not  do  this. 

O  i^'ln-o  but   it   should  be  ascertained 

Z  pis         ^y  irtapection  that  the  intemdl 

O  °'ll'°-         ^^^^  '^  removed  on  every  cut, 

ff  si'S'f         especially  on  plumbing  jobs, 

5  ?X-!  to  avoid  future  trouble  with 

li"^^         clogged  pipes. 

■S  Sl^  Too  much  attention  cannot 

^!b|^|         be  given  to  this  because  the 

burr  usually  has  a  ragged  and 

sharp  edge,  which  catches  any 

sediment    or    other    foreign 

matter   passing  through  the 

pipe  and  finally  stops  the  flow . 

I'^l         It  must  be  evident  also  that 

at  the  outset  the  burrs  reduce 

the  sectional  area  of  the  pipe 

3^  and  thus  increase  the  friction 

to  flow.    The  proper  and  con- 
L  venient  way  to  remove  a  burr 

n  is  by  a   brace  and  burring 

fl  reamer,  as  shownin  fig.  5,176. 

*"  ^ "  SI  i  ^^  cutters  may  be  classed 

D_  l""^-       as:    1.  Wheel. 


ir. 


> 
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I  U^^ 


Pigs.  E,lTBt0S.182.—Varioiu  pipe  cuttcis.     Fig.  S,  179.  one  whselcuttsr:  Gg.  S.iaO,  Bune* 

three  wheel  cutMr;  Gg,  6.181  combiiutioQ  wheel  and  roller  cutter;  fig.  a,lS2,  Besvcr  k]uu« 
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Pipe .  Threading. — ^Having  cut  the  pipe  to  proper  length, 
filed  off  the  outer  shoulder  and  reamed  out  the -burr,  it  is  now 
ready  for  the  threading  operation.  The  Briiggs  threads  may  be 
cut  on  the  pipe  ends  for  screwing  into  the  fittings  either  by 
means  of 

1.  Hand  stock  and  dies,  or 

2.  Pipe  threading  machines. 

The  hand  stock  and  dies  being  portable,  are  generally  used  for 


FLOOR 


'r^M'j'r^^^xyyyj:rx^^^r^^^/:/:^ry:^^^yArxM^y^A^A^^^^ 
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Figs.  5,183  and  5,1S4. — Three  wheel  cutter  and  combined  wheel  at^d  roller  cutters  illustrating 
range.  The  cuts  show  the  comparativB  xnoyements  necessary  with  the  two  types  of  cutter 
to  perform  their  functions.  The  three  wheel  cutter  requiring  only  a  small  arc  of  movement, 
^1  cut  a  pipe  in  an  inaccessible  place  as  shown,  which  with  a  roller  cutter  would  be  impos> 
sible.  Accordingly,  the  wheel  cutter  is  said  to  have  a  greater  range  than  the  roller  cutter 
and  is  therefore  to  be  preferred  for  general  work. 


small  jobs,  especially  for  threading  pipe  of  the  smaller  sizes, 
although  there  are  some  geared  forms  suitable  for  large  work 
without  undue  physical  effort;  the  threading  machines  are  for 
use  ki  shops  where  a  large  amount  of  threading  is  done.  Hand 
stock  and  dies  may  be  classed  with  respect  to  the  dies,  as 

1.  Solid. 

2.  Sectional.    ' 

3.  Adjustable. 

4.  Expanding. 

5.  Receding. 
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i  and  S.lSa. — Two  Ibiiiii  of  gquars  non-adhuUhle  pipe  die.    I^,  G.ISS,  Bolid;  flg. 


S.lSe,  lactional. 


Fmi.  fi^TW  6.192, — V4lironbi>lciiD  pipe  stock  (uilthautli<idiricn»)Boli(Idiauidbuilu>i«(. 


S.l»3  to  S.ISfi.^VBlworth  plain  pipe  ■tsdc  (wHh  Inia  ic\ 
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H 


h 

J* 


1 
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The  recedtnf  iotta  of  threader  emidoyB  tapered  ixuts  or  levers  acamst 
whidi  the  back  ends  of  the  dies  rest.  In  cutting  a.  thread,  the  dies  at  the 
b^nniiw  of  the  operation  cut  a  full  depth  thread.  As  the  work  pn^reeses 
(taJdng  Uie  lever  ^rpe  for  iilustration),  the  levers  which  support  the  i^cs 
graduuT'  change  uidr  position,  permitting  the  dies  to  rtcide  until  they 


Fk>.  S.30Siind5.a(».— Gi«cnfuldnc«Uiupi|KtbreBd«IeKr/or«.  Pig.G^.  nwtUD  of 
tbnwla  when  i™ly  to  tbmd;  fig,  5,209  pontion  of  thitkdR  uhm  cut  u  finubid.  To 
•»oM  uDWindiM  th«  le«d  ictfw,  three  copvenMnlb  Pl«»  1qb»  "w  p™™™' **>™  «  •"? 
CM  of  whicliduenaBga  the  Ind  acmr,  >o  Uu>t  tha  hewl  nur  b«  Cited  or  pulled  Mnif^t 
tiMJi to odginalpontion.kiulnHt there.  ThsthnwlcrbMBthne  lewunivmddiuckBUUe. 
A(Mr  the  Mwm  are  tishtened  againM the  iMpe,  one  turn. of  tb^ano  Kiew  wciddiH  inB^  of  B 
dnM^  JBW  completM  the  bite,  firmly  snpmis  the  pipe.  The  thiMder  u  afioMabl*  to 
riwilow  or  dMV  threadi,  edinitanant  bdiu  made  bv  cfaugiDg  tha  Mttiiw  at  the  lock  irat  *nd 
■dliutina  rodi  tiut  pror>ct  Cbrouih  the  head  of  the  thnadei. 
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Ques.  Describe  the  proper  method  of  cutting  a  thread 
with  stock  and  dies. 

Ans.  Use  plenty  of  oil  in  starting  and  cuttii^  the  thread.  In 
starting  press  the  dies  firmly  against  the  pipe  end  mitil  they 
"take  hold."  After  a  few  turns  blow  out  the  chips  and  apply 
more  oil.  This  should  be  done  two  or  three  times  before  complet- 
ing the  cut.  When  complete  blow  out  chips  as  clean  as  possible 
and  back  off  the  die.  Avoid  the  frequent  reversals  usually  made 
by  most  pipe  j&tters. 


Flo.  E,SI3. — ThiBad  cut  vith  wronely  shsped  Ijut  commoaly  used  die.  All  pipe  fitteia  us 
fntniliaf  with  thifi  pretense  foT  A  thread  and  no  daubt  wonder  what  niAlfes  the  joint  tight. 
TbemanufscturersBrenot  to  blame;  they  BredniplytiyiDg  to  make  tlieir  tools  fool  piDof, 

est  amount  of  abuse.  A  die  having  a  rHdiat  cutting  ed^e.  ns  in  fig.  5.214,  doss  not  cut  but 
pushefl  tha  metal  out,  or  tears  it  up  by  the  roots. 
Fio.  8.214.— Thread  cut  with  properly  shaped  die.  The  chltf  politti  o£  a  propwly  ihaped 
die  are:  1 ,  correct  rake  or  cutting  an^le  obtained  either  by  pitcnng  the  chaser  above  center 
or  grinding  the  cutting  ed^;  2,  sutBcient  reli^,  so  that  tbe  cutting  edge  of  the  die  win  bear 
OB  the  pipe;  3,  enou^  chip  clearance  to  avoid  clogging,  the  lack  of  which  often  nsulta  in 
stuffing  the  thread. 

For  lubrication,  lard  will  be  found  preferable  to  oil.  Apply  the  lard  to 
the  pipe  end  with  a  brush.  In  cutting  the  thread,  the  heat  generated  will 
melt  tne  laid  which  will  flow  to  the  cutting  edge  of  the  die  giving  continuous 
lubrication  instead  of  spasmodic  flooding  as  is  the  case  when  using  oil,* 


•NOTE.— The  author  ia  udebted  to  Mr.  Hatbiaon.  thread  expert  of  the  National  Tubo 
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in  threading  pipe  is  due  to  the  use  of  dies  which  ace  inadequate 
to  properly  perform  the  work  expected  of  them. 

In  order  to  obtain  good  results  in  threading  any  metal,  the  die  must  be 
made  to  CH/ — not  push,  A  die  wMch  pushes  the  metal  oS  instead  of  cutting 
it  freely,  causes  the  threads  to  break  out  of  the  die.  Figs.  2^15  to  2^217 
show  lesults  obtained  with  properly  and  improperly  shap^  dies. 


Pics.  G^lSnnil  G,219. — Chtpapaee.    nis  is  Uu  )p 

^''mt  apaca  be  allowed,  tha  chips  will  Taptdly  pack  iuliujlicjl  ti^o  i;iitLtpcr  luiu  wmwHni  uchui 

tear  tbe  thresd.    When  no  chip  space  is  cut  in  the  die  rins,  the  chaser  should  pcoiecC 

-  ■-  ■         ■■  ■  ------  ■"  ■  ■   . .   I      ^jj^  above  figures  show 

chips  to  follow,  wMe  the 


space:  here  an  easy  ci 

ia  well  Bupportsd. 


Ihreads  nf  thi 
chasers  a«i  Ihi 
lAreadi    Bf_    Ike 


pending  upon 
thapocition  ia 


set  in  the  holder,  the  sTdu  lA  the  threB_d^ 
riter  being  hardened  and  tempered. 


photograpli  of  a  chaser  after  co 


polished,  brighter  at  the  cutting  e^Ke  and  gradually  shading 
be  durable.    When  chaseis  show 


.    The  chaser  of  a 
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Number  of  Chasers. — ^To  get  good  results  at  one  cut  experi- 
ence shows  that  a  die  should  have  a  suitable  number  of  chasers, 
the  approximate  ntimber  being  determined  by  the  size  of  the  die. 
The  experience  of  the  National  Tube  Company  in  threading 
**  National"  pipe  on  power  machines  shows  that  dies  up  to  IJ^ 
inches  should  have  four  chasers. 

1^  in.  to    4  in.  should  have  approximately   6  chasers. 
13         «      «   Ig     «        «  u  u  14        « 


cTucrucriJtTu 
rcnn/1  run  0J^ 

Wd«o\ — y  c»3«oV-X  waeoV,..^  kamv.^ 


Figs.  6,234  to  5,237. — Proper  and  improper  selection  of  chasers.  Figs.  5,234  and  5,235  shows 
two  sets  of  chasers  properly  arranged  in  pairs  according  to  serial  number  and  letter;  figs .  5 ,236 
and  5,237,  improper  arrangement  of  chasers,  the  serial  numbers  of  which  show  that  the 
chasers  belong  to  three  different  sets  of  dies:  CB360,  W3dO,  and  IC360.  By  using  chasers 
from  two  or  more  sets,  the  lead  threads  may  not  follow  in  proper  order  resulting  in  unsatis- 
factory threads.  In  many  cases  it  has  been  foimd  that  only  the  number  oi  a  chaser  has  been 
noted  and  not  the  serial  letters  ^  resulting  in  the  pipe  being  coademed  as  hard  to  cut  and  the 
die  as  being  defective.  In  placing  adjustable  chasers  in  nolder,  care  should  be  taken  to  set 
them  at  equal  distances  from  the  center,  to  avoid  imperfect  threads. 


OMSCRS 

SIT   AT 
Oa  OF  PI  PC 


oiAscRssrr 

AT  LESS  THAN 
aO.  OF  PIPE 


Figs.  5,238  and  6,239. — Correct 
and  incorrect  setting  of 
chasers  with  respect  to  deptii 
of  cut.  Pipe  fitters  are  quite 
apt  to  be  satisfied  that  the 
chasers  are  properly  set  so 
long  as  the  lead  is  sufficient  to 
allow  easy  starting  of  the 
die,  but  it  frequently  haiq>ena 
that  the  chaser  is  set    too 

deep  and  the  die  is  literally  forced  on  the  pipe  after  passing  the  first  two  or  three  threads. 

resulting  in  stripping  the  top  off  the  threa(&  (sometimes  the  whole  thread),  overheating  ana 

ruining  the  die. 


NOTE. — In  backing  off  a.  solid  die,  where  a  common  hand  stock  is  used,  care  should  be 
taken  to  see  that  the  chaser  does  not  jump  the  thread  channel  ^  causing  cross  threading  or 
stripping.  This  is  more  particularly  apt  to  happen  when  backing  the  die  off  the  last  few 
threads,  that  is,  the  first  threads  cut  on  the  pipe. 
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As  usually  constructed,  they  are  so  arranged  that  when 
cutting  off  pipe ,  the  dies  are  opened  for  the  pipe  to  pass  through , 
without  being  removed  from  the  machine,  by  a  simple  motion  of 
a  hand  wheel  or  lever,  and  the  gears  and  bearings  are  enclosed 
in  an  oil  chamber,  thus  keeping  the  bearings  lubricated  and 
preventing  chips  or  dirt  getting  into  the  working  parts.  • 

Nipples. — By  definition  a  nipple  is  a  piece  of  pipe  under  12 
inches  in  length  threaded  on  both  ends;  pipe  over  12  inches  long  is 
regarded  as  cut  pipe.    With  respect  to  length,  nipples  may  be 


„ Bliowing  hand  uid  poner  drive. 

:bcs.    The  dia  an  idjusuble  and  Bie  opened 
— • —  --  giie  without  resetting.    Two  ipeedl 
pipe  froiQ  a  tol  inch  rapidli',  ind 


tv  chimging  handle  to  otiisi  (piodle,  cut  IM  to  3  inches,  not  u  quickly,  but 

1.  Close; 

2.  Short; 

3.  Long; 
as  shown  in  figs.  5,038  to  5,040. 
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The  following  table  gives  drill  sizes  which  permit  of  direct 
tapping  without  reaming  the  hole  beforehand. 

Drill  Sizes  for  Brlg^  Standard  Pipe  Taps 

(For  direct  tapping  nithout  reaming) 


Sbeofpipe 

H 

M    H 

H 

'A 

1 

1« 

IM 

2 

2)1 

3 

3« 

4 

Size  of  drill 

n 

'■i    Hi 

ti 

It 

W. 

IH 

HI 

2H 

2X 

3)i 

3H 

»i 

Diill  Sizes  (or  Pi{>e  Taps 


S^^T.p 

eniGCS  STANDARD 

^^'^^jfj^iarM 

ThKrt 

Dr^ll 

T1,™d 

DnII 

M 

27 

*% 

28 

K 

18 

"« 

K 

•6 

w 

M 

'W 

M 

K 

'W 

16 

» 

1^ 

t'4 

lU 

liM 

l-W 

IM 

UM 

I'» 

IK 

1'^ 

IIM 

2^ 

2ii 

2M 

11 

2W 

2« 

b' 

SW 

11 

3t6 

SSi 

3114 

sw 

8  " 

'4!4 

11 

5 

J 

li' 

&« 

l" 

eW 

^ 

5M 

; 

• 

7« 

9M 

n 

8W 

* 

l(K6 

» 

'0'^ 

^.  S,3G1  and  S,262.— Fjpe  tap  Bnl 

The  table  at  the  left  (by 
Greenfield) ,  gives  drill 
•s  for  pipe  taps  for  both 
the  Briggs  or  American 
Standard,  and  Whitworth , 
or  British  Standard. 
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In  drilling  a  pipe  for  tapping,  care  should  be  taken  that  the 
driH  be  guided  in  a  radial  direction  and  perpendicular  to  the 
pipe  axis.  Fig.  5,255  shows  a  pipe  drilling  crow  designed  for 
the  purpose  and  fig.  5,260.  pipe  and  drill  in  position.  Of  course 
where  such  device  is  not  at  hand,  various  makeshifts  have  to  be 
resorted  to. 

Fig.  5,257  shows  a  method  of  holding  a  rabdiet  drill  in  place, 
the  drill  being  aligned  by  square  and  eye .    In  tapping,  special  care 


.._    n,  while  a  helper  beaiB^^,._ 

When  this  plan  is  adopted  it  l3  not  necessary  to  operate  the  feed  sctew  in  the  upper  part  of 
islohet.  as  the  lever  follows  it  down.  Tlua  could  not  be  done  in  the  ease  of  a  deep  hole,  aa 
tha  top  of  drill  would  be  carried  out  of  place,  but  it  is  all  riffht  for  drilling  ooe  or  more  holes 
In  a  pipe  aa  shown. 

should  be  taken  not  to  turn  the  tap  with  too  much  force,  espe- 
cially with  small  taps,  to  avoid  danger  of  breaking.  If  the  tap 
do  not  turn  reasonably  easy,  work  it  back  and  forth  and  occa- 
sionally back  off  to  remove  chips,  and  always  use  plenty  of  oil 
in  tappii^  wrought  pipe. 
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RadU  for  Standard  Wrought  Steel  Pipe  Bends 

(As  recommended  by  National  Tube  Co.) 


Pipe 

size 

inches 

Center 

to 

face 

Mini- 
mum 
radius 
inches 

Hpe 

size 

inches 

Advis- 
able 
radius 
inches 

Mini- 
mum 
radius 
inches 

Pipe 

size 

inches 

Advis- 
able 
radius 
inches 

Mini- 
mtmi 
radius 
inches 

1 

2 

2j| 

3M 

4 

4^ 

5 

5Ji 
7 
Advis- 
able 
radius 
15 
18 
21 

lj| 

m 

2H 

3 

3Ji 
4j| 

10 
12 
14 

4 

4H 
5 

6 

7 

8 

9 
10 
11 

24 
27 
30 
36 
42 
48 
54 
60 
66 

16 
18 
20 
24 
28 
32 
36 
40 
44 

12 
13 
14 
15 

18  O.D. 
20  O.D. 
22  O.D. 
24  O.D. 

72 
84 
90 
100 
125 
150 
165 
180 

48 

60 

68 

76 

90 

120 

132 

144 

214 

3 

3H 

• 

The  radii  given  in  the  table  are  as  short  as  should  be  used  to  secure 
good  results  and  if  they  be  reduced,  the  thickness  of  the  pipe  must  be 
increased.  As  the  radius  is  decreased,  however,  it  becomes  more  difficult 
to  avoid  buckles. 

For  making  bends  The  National  Tube  Co.  offer  the  following  suggestions: 
Bends  12  ins.  and  smaller  to  regular  dimensions  to  be  made  of  fuU  weight 
pipe.  Bends  14,  15  and  16  ins.  outside  diameter  i,to  be  not  less  than 
}^  in.  thick. 

Bends  18  ins.  outside  diameter  and  larger  to  be  not  less  than  ^^ 
ins.  to  }/2  ins.  thick. 

For  offset  bends  try  to  make  a  straight  length  between  the  bends  in 
preference  to  the  direct  reverse  bend:  this  xs  of  advantage  to  the  pipe  bender. 

With  the  welded  flanges  there  must  be  a  short,  straight  length  of  pipe 
between  the  bend  and  the  flange.  On  sizes  under  4  ins.  this  should 
equal,  at  least,  1}^  diameters;  on  sizes  over  4  ins.  it  should  equal  at 
least  1  diameter  of  the  pipe.  In  all  cases  it  is  better  if  equal  to  2  diameters 
of  straight  pipe. 

Ques.    How  may  pipes  be  bent  by  hand  without  the 
use  of  special  tools  ? 
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The  heating  should  be  restricted  to  the  section  to  be  beat.  It  is  usually 
necessary  to  heat  several  times  ia  making  a  bend  to  short  radius;  nothing 
is  gained  by  overheating.  The  outside  of  the  bend  is  cooled  with  water 
to  force  the  compression  of  the  metal  on  the  inside,  which  slightly  reduces 
the  volume  filled  oy  the  sand  and  this  causes  the  latter  to  give  bett«:  support 
to  the  walls. 

For  bends  over  15  times  the  pipe  diameter  the  use  of  water  for  cooling 
the  outside  of  the  curve  is  not  necessary. 


Pm.  6.265.— Bendkig  block  and  pins.  This  is  a  simple  method ,  but  reqmres  a  careful  worlcmaa 
to  get  a  smooth  job,  and  though  adaptable  to  the  largest  sizes  of  pipe,  may  require  a  tedious 
amount  of  work.  Two  pins  are  required  for  the  necessary  leverage  to  pull  the  pipe  around. 
The  plate  is  desirable  for  keeping  the  bend  in  a  true  plane,  in  bending,  the  pipe  is  heated 
in  a  small  spot  at  a  time  on  the  inside  of  the  bend,  as  shown  in  the  shaded  portion  at  B. 
If  the  heat  extend  around  the  outside  of  the  pipe,  this  should  be  chilled  with  .water  imme- 
diately before  bending,  the  object  being  to  keep  the  outside  cold  to  prevent  flattening  the 
pipe  while  the  pressure  of  the  bending  causes  the  inside  to  upset  and  so  furnishes  the  shorter 
radius  for  the  inside.  Only  a  very  small  portiqn  of  the  XMpe  can  be  heated  at  a  time  and 
should  the  pressure  cause  the  inside  to  start  to  kink  at  any  point,  that  place  must  be  imme- 
diately chilled  with  water,  and  the  bending  continued  further  along.  On  account  of  the 
constant  shifting  of  the  heat  on  a  very  small  portion  at  a  time,  the  use  of  an  oil  torch  for 
heating  is  a  great  advantage,  as  it  saves  carrying  the  pipe  to  and  from  a  foige,  but  the  latter 
can  be  used  if  necessary.    - 


Ques.    When  the  required  curve  has  been  obtained  how 
is  it  retained  while  bending  the  other  sections? 

Ans.     By  cooling  with  water. 
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Pipe  Balding  Tools. — There  are  a  variety  of  devices  com- 
posing hand  tools  and  machines  for  bending  pipe.  Fig.  5,261 
shows  the  snmllest  and  simplest  device  which  is  intended  to 
be  bolted  to  a  table  and  is  suitable  for  bending  pipe  of  small 
sizes  ranging  from  J^  to  2  ins.  Fig.  6,262  shows  a  jape  vise 
with  bending  forms  combined,  and  fig.  5,263  a  machine  suitable 
for  pipes  ^  to  IJ^  ins.  Figs.  6,264  to  5,267  show  some 
interesting  tools  and  pipe  bending  methods. 


Fig.  1,366  BUd  S,9flT. — Anvil  method  o{  pipe  beDdinE,  In  fig.  8.205  a  coupling  and  ■hortlenEtb 
of  pipe  are  temporarily  fitted  en  the  end  at  the  dat.  as  shown  at  F,  A  short  heat  is  lakeo 
clcu  to  the  coupUnB  at  G.  thepipe  laid  over  the  horn  of  an  anvil,  and  with  a  swage  and  sledge 
the  bend  ia  started.  tumiDg  the  ^ipe  over  on  its  side  if  Tiecessarv  to  work  out  any  lanjo  OI 
fiattenisg  that  may  occur  while  this  fiist  bend  is  being  made.  The  added  sectjon  of  pipe  is 
then  icinoved  and  a  quite  different  method  continues  the  work,  aa  shownin  fig.  S,287. 
The  clamped  band  handle  H ,  ia  now  bolted  on  some  distance  bade  fitnn  the  end ,  and  the 
^w  itieU  ia  auspended  by  a  block  and  sling,  so  that  it  may  be  easily  raised  and  lowered 
aa  neceoaiY.  and  must  be  bun^  from  a  support  far  enough  above  it  so  that  it  mn-y  be  swun^ 
pepdtiluin  lashiorx  through  A  swine  of  three  or  fourfeet.  A  heavy  wood  block  I.  for  a  ^'butting 
pctft"  is  leaned  bp  Afloiast  a  convenient  anvil  or  wall,  aa  shown.  A  abort  heat  is  then  taken 
on  the  pipft  just  beyond  and  adioining  thepoition  that  was  first  bent.  It  is  then  swung 
IDm  a  mn  asunst  the  block,  uid  the  force  c^the  blow  actmg  on  the  tangent  of  the  first  bend 

nateiial  tolcet  plaoe  at  Uie  same  time  bo  Uiat  there  is  no  Satiening  down  oi  theoutside.  and 
the  pipe  holda  up  to  ita  fuH  form.  This  aame  procedure  ia  continued  for  one  section  f  ollowmg 
aoouier,  and  the  pipe  loQs  up  into  forms  as  shcnm  St  J,  where  in  this  ca»  the  shaded  portion 
K,  indicates  the  puiee  yhere  the  bending  is  talnng  place.  Care  must  be  used  that  the  bend 
does  not  run  out  of  a  true  plane,  and  u  there  be  any  tendency  toward  doing  so.  the  work 
must  be  lotion  a  face  idate  or  anvil  and  tuned  up.  In  working  with  this  method  and  that  ol 
fig.  6,SWS,  the  amith  muat  work  tqi  to  an  inside  template  which  has  been  made  up  lot  the 
ndios  of  the  initdB  of  the  bend,  oshiB  care  to  keep  each  added  bend  close  tn  the  template 

~  "  bending  or  straightenina  of  the  work  later  on  when  it  might 

thout  TBWoldng  the  whole  piece. 


not  b«  so  eoOy  performed  t 
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Assembling. — On  large  jobs  the  pipe  is  usually  cut  according 
to  a  sketch  or  working  drawing  and  partly  assembled  at  the  shop. 
If  no  mistakes  have  been  made  in  following  the  dimensions  on  the 
drawing,  and  the  latter  be  correct,  the  pipe  and  fittings  naiay  be 
installed  without  difficulty,  that  is,  the  last  joint  will  come 


Pigs.  6,268  to  6,272.— Various  pipe  wrenches.  Fig.  5,268,  Stillson  with  wood  handle  6  to  IS 
ins.;  fiff.  6,269,  Stillson  with  steel  handle  18  ins.  and  larger;  fig.  6,270,  Trimo;  fig.  6,271, 
ReedrSg.  6.272.  Alligator.  »    »  "*  »  -* 


togeth^or  **wafe^w^.*'  This  last  joint  is  either  a  union,  arightand 
left ,  or  long  screw  joint ,  and  if  errors  have  been  made  in  cutting  the 
pipe,  it  will  be  difficult  or  impossible  to  make  up  this  closing  joint. 
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avaijiable  any  pipe  system  may  be  arranged  in  nirnieious  ways, 
and  the  proper  selection  of  these  fittings  and  general  arrangement 
of  the  system  so  that  it  will  be  direct,  simple,  accessible  for  re- 
pairs, etc.,  is  an  index  of  the  fitter's  ability. 

In  making  up  screwed  joints,  red  or  white  lead,  graphite,  or 
some  standard  jomt  cement  should  be  used.  Of  these,  red  lead 
is  most  extensively  used.    It  is  no  doubt  most  efficient  in  making 

B 


PRESS  HERE 


AJ  ,.';;-^-i5-— '" 


JAWS  On'bITE" 

Pigs.  5,281  and  5,282. — ^How  to  use  a  pipe  wrench.  Adjust  wrench  so  that  jaws  will  take  hold 
of  pipe  at  about  the  middle  part  of  the  jaws.  To  support  wrench  and  i^revent  unnecessary 
lost  motion  when  wrench  engages  pipe,  hold  jaw  at  A,  with  the  left  hand  pressing  it  against 
the  pipe.  At  the  beginntng  of  the  turning  stroll  B,  with  jaw  held  firmly  against  pipe  with 
left  hand,  the  wrench  will  at  once  "bite"  or  take  hold  of  pipe  with  only  the  lost  motion  neceer 
sary  to  bring  jaw  C,  in  contact  with  the  pipe. 

a  tight  ioint,  but  it  is  more  difficult  to  imscrew  the  fitting  in  case 
of  repairs  than  when  graphite  is  used. 

In  appl3ang  the  red  lead  or  other  material  it  should  be  put  on  the  male 
thread  only;  u.  put  on  the  female  thread,  when  the  pipe  is  screwed  in,  some 
of  the  red  lead  will  lodge  inside  the  pipe  and  form  an  obstruction,  especially 
in  small  pipes.    A  convenient  method  of  applying  red  lead  or  cement  is 
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Ans.  1,  The  threads  should  be  clean,  2,  the  best  lubricant 
should  be  used  to  prevent  friction,  and  3,  in  making  up  the  joint 
it  should  not  be  screwed  up  fast  enough  to  make  any  appreciable 
change  in  the  temperature  of  the  metal. 

When  these  conditions  obtain,  the  metal  may  be  brought  together  as 
solidly  as  possible,  which,  as  must  be  evident,  is  necessary  to  obtain  a 
tight  jtnnt.  The  friction  mentioned  in  2  is  due  to  the  large  amount  of 
bearing  surface,  especially  when  there  ia  grit  in  the  threads  and  the  metal 
is  conung  soUdly  together. 


tiaEi.    Pis.  S,284,  ti^t  itMiit  ntnm  tmdi  Gg.  S.2Sa. 


KOTE.—Flpa  etment  for  iron  or  br»s:  i  1 
leadi  S  Iba.  KTTjuQd  sr^phite. 

NOTE.— For  grindlna  diet  use  Norton  Alun 

KOTZ.—Forelanplpe  thrtadt.  According! 
»nd  Frimcfl  (comparing  the  GennaTl  and  French  B 
uus  straight  threads  nearly  altogether.  The  pitch  i 

Enelisli  except  that .  .  ■    .    . 

the  Navy  follomng 
leans  toward  tapen 

from  the  United  Si 

port.    Canada  uses  the  Brigs. = ,., , 

are  used,  but  Mexico  and  the  South  and  Central  Amencaa  countries  use  tlie  methods 
from  whom  they  buy  aa  a  rule. 

NOTE.— Th«  bunting  pressure  of  Bcrewed  fittings  ia  from  ten  to  twenty  ti 

working  pressure.    The  internal  fluid  pressure  is  not  the  determining  factor,  as  fittij: 

"  .hstMd  the  strain  of  expansion,  contraction,  weight  of  piping,  settling  and  water 

1  there  is  also  the  possibility  of  variation  in  thickness.    For  east  Iron  Vu  turaine  f 


tntralty  in 

NOTE.— AooDdcemenf  for  makinstight  joints  in  pumps,  pipes,  etc. .LI  made  ofamiiture 
of  15  parld  of  slaked  lime,  3D  parts  of  graphite,  and  40  partaof  banum  lalphate.  The  ingredients 
are  powdered,  well  mixed  tocher,  and  stirred  up  with  ISpartsoE  boiled  (u1.  A  stiffer  prepara- 
tion can  be  made  by  increismg  the  proportions  of  graphite  and  barium  sulphate  to  30  and  40 

15  parts  of  chalk  and  50  of  gisphite.  ground,  washed,  miied,  and  reground  to  fine  powder. 
To  this  mixture  ia  added  20  parts  of  ground  litharge,  and  the  whole  mixed  to  a  EtifF  paste  witii 
about  15parts  of  boiled  oil.  This  last  preparatiaapoiseBseB  the  advantage  of  lemaimng  plastic 
foralongtime  wh«i  stored  in  acool  place.    FinalTy,  a  gixd  and  simple  mixture  for  t^teniiiB 

mucinous  mess  is  painted  over  the  screw  threads,  after  tlu  latter  faave  been  tliorougMy  cleaned , 
and  the  fitting  ia  screwed  home.  The  ammoniB  aoon  volatiliies,  leaving  behind  a  mass  which 
hardens  quicldy,  makes  a  tight  jcHDt,  and  B  unpervKnis  to  hot  and  cold  water. 
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Ans.     No. 

It  should  be  -understood  that  the  absence  of  heat  in  msldng  up  does  not 

mean  the  absence  o£  grit  or  gum  in  the  threads.     Dirty  threads  loay  be 

.    screwed  up  very  slowlv  and  thus  avoid  the  heating  due  to  friction,  and  yet 

the  joint  will  be  anything  but  tight.    To  guard  against  this,  after  cutting 

the  threads,  they  sHould  be  thoroughly  cleaned  wilh  a  stiff  brush. 

Ques.    Are  perfect  threads  necessary  to  make  tight 
joints? 


to.  SMI. — KaQir  and  Jones  nwlleablB  faoii  railiiie  fitUngi,  having  comtdmtioa  knala,  b 
and  Blip  jomt,  verticu  openinv  threaded-  Arigle  opcninffi  are  rumed  and  drilled  for  xi 
TbeSBllttingianfoTuisonnulinBsbBtwnaZTM'andlZ^j'iuiglei.      For  wtting  up 


Ans.    No. 

It  b  suTpriang  what  erroneous  ideas  are  held  regardii^  the  pladng  of 

too  much  importance  on  defects  in  threads  of  jjipe  and  fittinga,  even  by 
experienced  pipe  fitters  One  of  the  causes  assigned  for  the  rejection  m 
pipe  and  material  is  that  the  threads  are  a  trifle  broken  Probably  not 
over  1  per  cent  of  the  bearing  of  the  thread  is  gone  or  marred,  yet  there 
are  many  [npe  fitters  who  wilTthrow  out  such  material.  Experiments  made 
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I.  S,303  snd  6,301,  Ehow  how  absurd  it  is  to 


Ques.    In  taking  measurements  for  pipe  lengths  what 
allowance  must  be  made? 


Fio.  S^Ol. — Scnwed  jdnt  nuds  up  ihowing  length  A.  of  thnad  on  bip«  thM  li  *enm 

vUvH  or  flUJnc*  te  auUn  a  tight  jomt,  uxocduia  to  table  by  Cruu  Co.  oapaas  3.S03. 


end  of  the  pi 

exteDdin^^o: 


Pica.  S,303  and  S.SOt.—Crai 

wu  thnaded  for  a  distanci 

and  wu  mutilated,  aa  shovn.     In  the  thread  part  three  sn»i 

■•"cnTho" 

. .,.-  inchei  lc_„,  _ 

Tmnty-five  groovM  wen  then  filed  in  the  threul 

..^^u—^  all  pusUel  wir^ ''^ ■ ^  ' —  *i---j-' 

it  mutiUtiiis  w 

cement.   TliejointifBi  than  ■erawed  up  n  that  th ^ „ 

"■-- .    TTia  outer  enils  of  the  pipe  and  coupling  next  we»  plugged  and  the  j 

"  poonda  of  air  pnanre.   The  ioinl  woifoundtobeti^t.and  theiar 

nulk  preuure  test  of  l.ft" -*-     "^ '  -»-■-'—-■ 

"'  '---'  -"ie  hundred  tiiui-  „ — ^„.  ^. 

iHKera  aoq  enBiuKcri  ivjeet  material.  These  teste  zhow  the  amount  of  ignocance  tnere  pse 
tain  in  theee  mattera  all  these  yeara.  Crane  Co.  reasoned  this  subject  out.  and.  confident 
the  public  held  a  wrong  theory,  cauied  this  experiment  to  be  made.  Undoubtedly  tba 
moBuiitof  material  rejected  formmor  and  wholly  uaimportantdefccta  in  tlie  past,  must  have 
coet  the  trade  Dwar  tbouaandi  of  dollars 


PIPE.  FITTINGS.  AND  PIPE  FITTING 


It  length  of  Jrofi  Ug  to  baUnce  the  difference  of 
.*no1  ir^int-rt  'v^a]  bunker;  D.  exhaust  pip«;  E.  ho 


should  be  used  and  fipcdal  littintrv  w, 
boiler  instead  of  from  main  fiC«am  pipi 
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Ans.    An  allowance  for  the  length  of  thread  that  is  screwed 
into  valves  or  fittings  to  make  a  tight  joint  as  shown  in  fig,  5,302. 

The  following  table  gives  such  allowance  for  various  sizes  of  ^pe 

Length  of  Thread  on  Pipe 

(Necessary  to  make  a  tight  joint.     Dimension  A,  fig.  5,302.) 


Size 
inches 


H 


Dimen- 
sion 
A 
inches 


^ 


Size 
inches 


1 

i; 


2 


Dimen- 
sion 
A 
inches 


Size 
inches 


3 

3H 
4 

5 


Dimen- 
sion 
A 
inches 


1 
We 

We 


^ze 
inches 


6 
7 
8 
9 
10 
12 


Dimen- 
sion 
A 
inches 


Example  of  Pipe  Fitting,— The  piping  system  of  the 
author's  latinch,  **Stomoway,"  as  shown  in  fig.  6,305,  is  an 
illustration  of  an  installation  comprising  numerous  lengths  of 
pipe  and  a  multiplicity  of  fitting,  and  most  of  it  being  located 
below  the  floor  timbers  of  a  small  boat  presents  some  difl&culty 
which  taxes  the  ingenuity  of  the  fitter.  The  boat  being  operated 
in  salt  water,  brass  pipe  and  fittings  are  used  to  prevent  rapid 
corrosion,  except  the  exhaust  pipe,  which  is  of  copper  with 
flanged  joints. 

There  are  two  methods  by  which  the  pipe  fitting  may  be  done: 

1.  By  eye  and  approximate  measvirements,  or 

2.  Entirely  by  measurements. 

The  first  method  is  a  hit  or  miss  process  and  requires  an 
experienced  fitter  to  make  a  good  job,  whereas,  the  second 
method  is  one  of  precision  and  is  the  better  way  of  doing  it 
because  in  making  up  the  various  lines  it  is  not  necessary  to 
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bring  undue  strain  on  them  by  springing  them  into  position  to 
correct  small  errors  in  cutting  to  wrong  lengths. 

In  actual  practice  a  combination  of  the  two  methods  will  save 
time  and  give  satisfactory  results.  Thus,  where  there  is  a 
little  margin  for  adjustment  in  making  up  a  line,  as  for  instance, 
the  pump  lines  to  hot  well  with  their  lock  nut  joints,  such  lines 
can  be  proportioned  '*by  eye." 

The  pipe  fitting  for  the  installation  shown  in  fig.  5,318,  should 
be  done  about  as  follows: 


1 


HOT  WELL. 


AIR  PUMP 


|iii|jji|iii[ji 


Fio.  5,306. — Detail  of  air  pump  connection  to  hot  well  showing  method  of  measuring  pipe 
length. 


Place  the  hot  well  in  position  close  to  the  side  of  the  boat  Now  make  up 
the  short  line  between  the  feed  pump  and  hot  well,  proportioning  the  two 
short  nipples  (by  eye)  so  that  the  lock  nut  joint  will  come  in  the  right  por- 
tion Screw  up  lock  nuts  temporarily  by  hand.  This  locates  the  position 
of  the  hot  well.  In  making  up,  be  careful  that  the  tee  outlet  points  hori- 
zontally and  that  the  check  valve  cap  is  on  top.  The  air  pump  connection 
should  be  made  next. 

To  get  the  length  of  the  pipe,  hold  the  elbow  uj)  against  the  inlet  hole 
in  end  of  hot  well  and  measure  from  the  face  of  air  pump  connection,  to 
the  face  of  elbow  as  shown  in  fig.  5,306.  Now  the  size  of  the  pipe  b^g 
one  inch ,  a  margin  of  ^4&  in •  must  be  allowed ,  according  to  table  on  page  2,903 
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t  joint.    Hence,  total  length  of  pipe  coonecting 
10J^+2XJii-ll« 

Cut  pipe  to  13^  inS-  in  length  and  thread  each  end.  S<7cw  elbow  on 
one  end  before  talong  pipe  out  of  vise.  The  pipe  is  screwed  into  air  pump 
outlet  and  on  the  last  turn  bring  elbow  fair  witti  hole  in  hot  well.  Unscrew 
lock  nut  on  feed  pump  connection  and  ramove  hot  well.  Screw  into  elbow  a 
close  nipple  with  long  threadat  the  other  end,  with  one  lock  nut  screwed  on. 
Now  replace  hot  well  and  make  up  perrnanently  the  two  lock  nut  joints, 
using  gaskets  or  packing  and  red  lead  to  make  tight  joints. 


%^© 


, . ..       ___„ . w~r*mi^  Prtir^gif . 

The  reference  letten  refer  to  the  table  beloir. 

General  Dimensions  Crane  Standard  Malleable  Iron  Secrewed  Fittlnfta, 


In  order  to  avoid  frequent  change  of  dies  in  the  stock,  it  is  well  to  make 
up  lines  <^  one  size  v^en  it  can  be  conveniently  done,  before  taking  up 
another  size;  this  avoids  variations  due  to  readjustment  of  dies  whrai 
adjustable  dies  are  used.  Accordingly  the  feed,  make  up,  and  overflow 
lines  being  of  the  same  ^ze,  tJiese  should  be  made  up  before  changii^  tiie 
dies. 
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HOT 
WELL 


%I> 


16 


Fig.  5,310.-~Center  line  sketch  with  dimensions  for  the  method  of  pipe 
fitting;  entirely  by  measurement.  This  should  not  as  a  rule  be  an  elabcvate 
drawing,  but  simply  a  free-hand  pencil  sketch.    Frequently  such  sketch 

is  made  by  the  fitter  when 
beginning  the  job  and  serves 
not  only  as  a  dimension  sheet 
but  as  a  guide  for  the  general 

E'pinjBT  scheme  which  the  fitter 
is  in  mind.  It  should  be 
understood  that  with  the  mul- 
tiplicity of  fittings  available 
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there  are  any  number  of  ways 
in  whidi  the  piping  may  be 
arrangedandthefitter'saoHity 
may  be  judged  by  the  general 
arrangement  of  piping  which 
he  adopts. 


FEED 
PUMP 


O— A 1\ 


TOO  SHORT 


JOINT) 


X=ltS5l|:: 


Figs.  5,820  and  5,321. — ^Detail  of  feed  line  readjr  to  "make  up**.  Fig.  5.320  shows  poor 
workmanahip,  nipple  E,  being  too  short  rendering  it  difficult  to  bring  together  the  make 
up  Joint .  Fig.  5,321  shows  good  workmanahip;  here  the  male  end  of  the  union  will  easily 
spnng  back  into  x>osition  in  making  up  the  joint.. 
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Make  a  center  line  sketch  of  these  Imes  with  dimemgons  as  in  fig.  5^18, 
Pipe  up  first  the  feed  line.    This  line  aa  shown  consiBts  of  pipes  A.B^C, 
'''        piunp  connection  1,  and  fittings  2,3,4|S  and  6.    Now  determine 
If  dinienaiom  of  A,B,C,D,E,  thus: 


Allow  fcff 

of  fitting 

threads 

I'lpe 

centers 

(subtract) 

(add) 

jape 

A 

1'8' 

2 

1*6 

i 

W^ 

C 

6- 

4 

•1^ 

"^ 

D 
E 

2' 
1'4' 

6 

'S 

^ 

S^ 

'-*ii%h 


— Detail  ot  a  portion  of  tlu  faed  line  showing  method  of  di 


Figs.  5,307  to  5,317  show  standard  malleable  iron  screwed  fittings,  the 
reference  letters  indicating  the  general  dimensions  in  the  accompanying 
table: 

To  determine  overall  dimensions  of  pipe  A,  note  in  fig.  5,318  the  distance 
between  pump  connection  face  and  center  at  elbow  2,  is  1  foot  8  inches,  or 
20  inches,  as  shown  in  detail  in  fig.  5,319.  Prom  table  above,  the  distajice 
from  center  ot  fitting  2,  to  face  is  1^  inches  and  from  table  (page  2,903), 
length  of  thread  which  must  be  screwed  into  fitting  to  make  a  fight  joint 
is  (for  J^  inch  pipe)  J^  inch.  Accordingly,  from  fig.  5,319  the  length  of 
pipe  A  is  clearly: 


•NOTB.— Prom  Luateaheimer' 
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There  is  no  hard  and  fast  rule  of  procedure.  The  experienced  fitter  will 
do  a  considerable  proportion  of  the  piping  "by  eye,"  only  taking  measure- 
ments where  necessary. 

The  exhaust  pipe  is  of  copper  bent  to  template,  with  flanged  connection 
at  ^ach  end.  The  condenser  tubes  are  made  ti|;ht  by  stuffing  boxes  in  the 
headers.    The  return  to  air  pump  is  standard  weight  pipe  with  screw  joints. 

Fig.  6,306  shows  the  niain  steam  pipe  with  an  elbow  connecting  the 
horizontal  with  tlie  vertical  length;  a  better  job  would  consist  of  bending 
the  pip*  ia  place  of  elbows.  This  should  preferably  be  done  with  proper 
fadhties  at  the  shop,  unless  the  fitter  be  experienced  in  bendii^  and  had 
proper  facilities  at  hand. 

Properties  of  Standard  Wrought  Pipe 


NOTE.— P&wpraeflceor  CBJtomi  oftkt  trade:  On  orders  CKlIing  for  eonunereial  siie 
pipe  tn  bo  fmnialwa  with  threada  •nd  couplings  in  EBM  >/i  to  12  inch,  incluaiVE,  whew  oir 
BDecify  Quantity  in  lineal  f»t  it  is  tinaentood  that  r&ndom  lenaths.  threaded  both  ends,  ■* 


il,  over  all  induding  coupliiui.    Ordein  or  inquiriea  covering  cut  lengtl 
(pecify  fhethei  plain  ends,  threads  only,  threads  and  couplings,  or  flanges  at 
•eiiuat«  charge  Is  made  for  couplings  or  n&nges.  either  loou  or  screwed  on  pi 


'pitt  a'e'io. 
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Pump  connection  face  1  f  ^^^4..^  +^  r„«^  1 

center  orfittin.  2      }  +  ^^  «*  ^  "  <  °^??^'r  |  +  «-"»  ''' «  -  len^h  o£  pipe 

20  +        H      —  1%         +        H       •=■        19»H» 

Similarly  for  pipe  B : 

ceSSfittk^  1  "^  1  ^ ^  *^^tti2«**^*  I  —  2 X  thread  =  length  o£ p£pe 

43  +  2Xl5ii        —    2XH  -       44H 

In  like  manner  the  lengths  of  pipes  C,  D,  E,  are  obtained. 

Cut  and  thread  all  these  pipes  except  pipe  £.  Start  at  the  feed  pump 
and  make  up  the  line  up  to  D,  including  end  x,  of  tmion  5. 

Now  with  the  union  screwed  together  temporarily,  meastire  the  distance 
between  faces  of  the  union  5  and  tee  6.  The  sum  of  this  distance  plus  the 
distances  from  center  to  face  of  fittings  will  probably  vary  a  little  &om  the 
dimension  1  foot  4  inches,  due  to  inaccuracies  in  make  up  and  cutting. 
Hence,  to  avoid  strain  on  the  line  (assuming  tee  6,  fig.  6,318)  to  be  fixed^ 
make  length  of  pipe  E,  equal  to  measured  distance  between  faces  of  fittings 
plus  1  inch  margm  for  both  threads. 

After  cutting  threads  on  both  ends  of  pipe  E,  screw  on  the  y  end  of  union 
6,  while  the  pipe  is  in  the  vise.  If  y  be  the  ring  end  of  the  union,  be  sure 
the  ring  is  on  before  screwing  the  pipe  into  tee  6.  To  m^e  up  the  union 
»mng  both  ends  into  place  and  screw  on  the  ring  firmly,  thus  completing 
tne  feed  line. 

In  a  similar  manner  next  pipe  up  the  make  up  line.    Start  at  tee  7  and 
noake  up  the  line  to  reducing  tee  9.    If  the  measurements  and  work  are 
accurate,  this  tee  should  be  m  alignment  with  by  pass  valve  4;  if  much 
out,  the  length  of  pipe  F,  must  be  changed.    Get  two  short  nipples  I  and 
Jy  and  make  up  tne  section  consisting  of  these  nipples,  valves  10  and  12,    | 
and  union  11.    Cut  and  thread  pipe  jfc,  and  make  up  the  line  from  valve    ► 
10  to  pipe  L.    See  that  the  valves  point  right  and  pipe  L,  to  the  bottom  of    i 
the  t^ik. 

Next  pipe  up  the  overflow  line  from  valve  12  to  overflow  pipe  16  in  hot 
well.  The  lodmut  14  should  now  be  firmly  screwed  up  agamst  packing 
to  make  a  water  tight  joint.  Pipe  H,  can  now  be  measured,  cut  ana 
threaded.  Before  removmg  it  from  the  vise  unscrew  ring  of  union  11  and 
screw  on  valve  10.  Remove  from  vise  and  screw  the  other  end  of  pipe  H, 
into  tee  9.  Spring  into  place  and  make  up  union  1 1 ,  thus  completing  the  line. 

After  all  the  Ji-inch  piping  has  been  installed,  change  dies  to  J^-inch  size. 

First  find  by  meastu-e  length  of  pipe  M,  and  N.  Cut,  thread  and  make 
up  the  by  x)ass  Une.  If  the  work  has  been  accurate,  there  should  be  no 
trouble  in  making  up  union  20.  The  rest  of  the  screwed  piping  is  put 
together  in  a  similar  manner. 
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Properties  of  Extra  Stronft*  Pipe 


a  ivsiTB  otrouK'  ripo 


*NOTE  .—The  word  A«aD)r  was  f onnerly  used  in  place  of  mtrang. 

tiOTE.—PlpapractlctaTcuslomi  oflhitrad4.-    OfdenforiMpe  Ur, 
edly  ths  actual  outside  •Jiameter  of  the  pipe  and  the  thiclcoets  of  the  w 

pe  is  listed  and  carried  in  stock  thitaded  and  coupled  and  will  be  shi[, 

led  otherwise.    Eitra  atrong.  dnublo  e«ra  atnmg,  hydraulic,  and  largo  o.J,  (npo  ia 

lin  ends  only  and  will  bo  so  shipped  unless  order  spoeifiea  otherwise.    An  e?:tTa  charge  is 
Lde  for  threads  and  coupling  on  these  weighta.    For  pipe  smoothed  on  the  inside,  known 

I  feet  and  ahorter.    Random  lenifths  of  extra  Btiong  and  double  estra  strons  pipe  ore  con- 

oider  in  lengths  a  to  13teet.    For  cut  lengthB  of  any  aiie  an  extra  chargs  al 

..„  .. J.      T, aed  or  aspha-"'  -^ -  -'  --    -" 

indard  pipe  ai 


lengths  will  be  made.  _  For  galvaniied  or  asphalted  pipe  an  extra  charge  above  blade  wiU  be 


I  should  specify  the  w 
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HEATING  AND  VENTILATION 


A  great  variety  of  methods  have  been  tried  for  heating  build- 
ings. Many  of  these  are  more  or  less  objectionable,  and  yet  they 
are  still  in  use.    These  various  methods  may  be  classified 

1 .  With  respect  to  the  medium  which  conveys  the  heat,  as 

a.  Air. 
h.  Water. 
c.  Steam. 
4.  Electricity. 

2.  With  respect  to  the  location  of  the  source  of  heat,  as 

a.  In  i^  room  to  be  warmed  { ^io^HT^ 

i furnacea 

b.  Outside  of  room  to  be  warmed       <  boilen 

(  dynamoM 

3.  With  respect  to  their  efficiency  and  desirability,  as 

a.  Fire  places  (oldest  and  poorest  method) . 

b.  Stoves. 

c.  Hot  air  furnaces. 

e.  Hot  water. 

/.  Electricity  (under  very  special  conditions) . 

Of  the  various  systems,  steam  and  hot  water  heating  are  the 
most  important. 

Fire  Places, — ^The  old  fashioned  open  fire  pjlace  is  the  oldest  and  poorest 
method  of  heating.  The  only  advantages  it  possesses  are  its  action  in 
ventilating  a  room,  and  the  cheerfulness  that  an  open  fire  affords.  The 
carrying  in  and  out  of  coal  and  ashes  renders  this  a  dirty  method  of  heatings 
and  one  that  requires  frequent  attention. 
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sutmleanental  fonn  of  heatiiw  for  spring  and  fall  b^ore  the  veather  becomea 
ccud  enough  to  use  the  reguUr  system  of  heating. 

Stoves. — Much  more  efficient  is  a  stove  than  a  fire  place  for  heating  a 
room.  For  a  large  room  or  smalt  house,  where  OTie  stove  will  furnish  all 
the  heat  needed,  it  is  the  cheapest  and  most  economical  system  to  install, 
especially  if  conditions  permit  a  long  leneth  of  the  stove  pipe  vrithia  the 
room,  so  as  to  abeorb  a  proper  amount  of  heat  from  the  escaping  gases. 

Stoves,  however,  have  several  objections.  The  metal  of  the  stove  is 
heated  to  a  very  hteh  temperature  which;  robs  the  air  of  its  oicygen,  causing 
headache  unless  adequate  ventilation  be  maintained;  unless  the  dampers 


IReB' 


FIRC  P( 

Figs.  S,323  and  S.3S4. — Upper  conatnic- 
tion  or  "radiator' '  of  Boynton  squsre  pot 
hot  air  fumaceahDwiag  relation  oF  parte; 
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be  properly  manipulated  there  is  danger  from  the  gases,  especially  in 
sleeping  rooms;  considerable  attention  is  required  to  produce  an  even 
temperature;  the  h^ryAyrn^  of  the  coal  and  ashes  requires  ocmsiderable 
cleaning  and  dusting. 

Hot  Air  Furnaces. — ^These  are  not  much  more  satisfactory 
than  stoves,  and  nearly  all  of  them  are  too  small.  They  are  only 
used  by  people  who  do  not  think  further  than  first  cost,  and  who 
are  afraid  of  being  blown  up  by  the  mere  mention  of  the  word 


Pig.  5,327. — Method  of  hot  air  heating  with  outside  and  inside  air'circulation.  The  air  to  be 
heated  enters  the  furnace  through  a  duct  at  A.  This  air  duct  connects  with  a  circulating 
registers,  and  is  open  to  the  outside  atmosphere  at  C,  either  of  which  may  be  cloned  by  a  damper 
at  B  and  C.  When  B,  is  closed  all  the  air  to  be  heated  conies  in£rran  the  outade through  C, 
thus  heating  and  ventilating  at  the  same  time.  When  C  is  closed  (B  open),  no  air  is  taken  in 
from  the  outside,  the  inside  air  circulating  between  the  furnace  and  rooms  to  be  heated.  A 
combination  of  tiie  two  methods  may  be  obtained  by  placing  the  damiiers  at  intermediate 
positions.  Any  hot  air  furnace  system  is  objectionabfe  and  has  p"t^**ig  to  recommend  it 
except  first  cost,  and  this  is  a  poor  recommendation. 


'*steam."  A  hot  air  furnace  is,  in  effect,  a  stove  in  the  basement 
with  large  air  flues  to  conduct  the  heated  air  to  the  various  rooms 
of  the  house.  This  method  of  heating  is  condemned  by  physi- 
cians as  unsanitary,  because  the  heating  surface,  being  main- 
tained at  a  very  high  temperature,  devitalizes  the  air,  and  due  to 
constant  expansion  and  contraction  of  the  metal,  the  joints 
begin  to  leak,  thus  letting  dust  and  gases  escape  into  the  living 
rooms. 
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There  are  two  methods  of  heating  by  hot  air  furnaces: 

1 .  Where  all  the  air  for  both  heating  and  ventilation  is  taken 
from  out  doors  and  exhausted  from  the  building. 

2.  Where  only  the  air  for  ventilation  is  taken  from  outdoors, 
and  additional  air  is  recirculated  through  the  furnace  from  the 
building  itself. 


Pio.  S^£8. — Mueller  ptpelau  fumsce.  In  eonMtructlon,  the  ftirtuce  is  tumunded  b; 
aa  enter  euiiw  bihI  an  inner  casing,  the  latter  terminating  about  one  foot  from  the  bottom 
•o  that  air  win  circulate  under  it.  Instead  of  having  pipes  running  out  at  varioni  anglei  b 
cany  the  beat  into  different  parts  of  the  house,  the  inner  and  outer  casinu  are  both  i:arTie< 
tflitothaflocrandfajtened  to  a  large  floor  register.  In  operation  the  warm  air  from  tb 
fomacfl  pasoea  in  a  steady  current  up  throush  the  inner  circle  of  Che  register  and  circulate 
thmutgbout  the  entire  house.    The  cold  air,  being  heavier,  descends  to  the  floor  and  finda  i 


ti 
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Fic.  G32e.— Pmuw  boiier  of  MmMnation 

McMn  Mid  air  beiitcr. 


AditantaBf  (as  atated  bv  the 
Bf-*F  TiHttntf  or  with  warm  air  f  u^ 

,-md^tS^'with 

,.  — , »^,v  ...unblaforfumilurB  u  reuined.    On  tho  other 

hand,  distant  rooms,  exposed  bay  windows  and  angles  atotauly  protected  with  the  direct 
ndiatois,  when  it  would  be  impossible  to  waim  Uism  with  afuinaca  onlr.  In  mild  westher. 
on  chilly  nights  and  mornings  of  late  spring  or  early  fall,  a  littlg  fire  win  diiiusa  a  pleasant 
iQpIilir  of  fresh  warmed  air  thioueh  the  entire  biulding.  when  Imder  Elmilar  conditions  a 

until  the  water  was  raised  to  the  boiling  point  1212°)  and  then  tho  supply  witiM  I*  pTrmori™. 
'™- -■'■-"-TS  being  placed  in  tV.e  most  eiposedpc  ■'        ■'"    '  "' 


Dined  apparatu*.  in  severe  cold  or  wind/  weather  an  even  t 
out  all  the  apartments,  while  the  fresh,  inviaorating  war 
lest  and  tone  to  the  indoor  atmosphere  like  that  of  a  Junt 
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The  first  method  which  is  the  one  generally  iised,  is  an  exceedingly 
wasteful  one,  especially  in  cold  weather.  Although  it  is  claimed  to  be  pos- 
sible to  heat  a  building  by  the  second  method  as  economically  as  with 
steam  or  hot  water,  the  escaping  gases  through  leaks  in  the  furnace  would 
preclude  the  use  of  this  method  where  there  is  any  regard  for  health. 


1 

STEAM  HEATING 

This  is  a  very  effective,  and  sometimes  too  effective  method  of 
heating.  In  its  various  forms  it  is  probably  more  widely  used 
than  any  other  system,  being  adapted  to  almost  any  type  of 
building. 

Some  advantages  of  steam  heating  are  the  ability  of  heating 
all  rooms  uniformly,  regardless  of  their  location  or  the  direction 
of  the  wind,  a  condition  which  seriously  affects  heating  with  hot 
air  ftimaces;  steam  is  quickly  raised  in  the  morning  and  when  a 
radiator  is  shut  off  the  small  amount  of  condensation  remaining 
is  not  sufficient  to  cause  freezing. 

The  disadvantages  are  lack  of  control,  and  devitalizing  effect 
on  the  air  due  to  the  high  temperature  of  the  radiating  surfaces. 
The  first  objection  has  given  rise  to  ntimerous  modified  systems 
of  steam  heating  which  render  steam  as  a  heating  medium  as 
satisfactory  as  hot  water. 

The  various  systems  of  steam  heating  may  be  classified: 

1.  With  respect  to  the  working  pressure,  as 

a.  Low  pressure  (1  to  10  pounds). 

b.  Atmospheric  pressure  (so  called  "vapor"). 

c.  Vacuum. 

d.  Combined  vacuum- vapor. 
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2.  With  respect  to  the  method  of  piping,  as 


a.  One  Pipe 


'     lelief 

circuit  system 
divided  circuit  system 
circuit  system  with  loop 
dry  returns 
wet  returns 
tmdercoimected 
overhead 

underfeed 


h.  TwoPipe       {    ^«f^ 
3.  With  respect  to  the  niethod  of  transmitting  the  heat^  as 

» 

a.  Direct. 

b.  Indirect. 

LOW  PRESSURE  STEAM 

SYSTEMS 

There  are  two  principal  low-pressure  steam  S3rstems,  the  one 
pipe  atid  the  two  pipe,  the  circuit  being  modified  in  various 
ways  to  suit  conditions. 

When  it  is  necessary  to  install  steam  heat  in  a  long,  narrow  building, 
where  the  radiators  are  all  placed  along  the  outside  wall,  the  one  pipe 
system  is  espedally  suited. 

For  ordinary  work  it  is  preferred  to  the  two  pipe  sjrstem,  although  the 
latter  is  in  favor  with  some  fitters.  The  cost  of  installation  is  less  with 
the  one  pipe  system,  even  with  the  smaller  size  piping  used  with  the  two- 
pipe  system. 

It  is  customary  when  using  the  two  jnpe  system  to  reduce  the  size  of 
the  main  as  the  various  radiators  are  taken  off.  Caution  should  be  exercised 
not  to  overdo  this,  in  order  to  guard  against  inefficient  operation  of  the 
remote  radiators,  making  it  necessary  to  carry  excess  pressure  on  the  boiler 
to  insure  proper  operation  of  all  the  radiators. 

One  Pipe  Underfeed  Relief  System. — ^There  are  various 
piping  arrangements  of  the  one  pipe  system.  Fig.  6,331  shows 
what  is  called  the  one  pipe  relief  system. 


2,918 


HEATING  AND  VENTILATION 


HEATING  AND  VENTILATION  2,S19» 


Connected  to  the  main  outlet  A,  are  two  or  more  brandh  mains,  AB ,  and 
AC,  which  supply  the  various  risers. 

Steam  is  supplied  to  each  radiator  and  the  condensation  removed  by  a 
single  pipe  or  riser,  hence  the  name,  "one  pipe  system." 

The  condensation  returns  to  th6  boiler  by,  gravity  through  drip  pipes,, 
which  are  virtually  continuatioi^s  of  the  risers  belOw  the.  branch  mains,, 
and  which  connect  with  the  return  pipe  so  that  the  cOndieiisatibn  will  flow 
back  into  the  boiler. 

Ques.  What  is  the  difference  between  a  i^^ret  or  sealed^ 
and  a  dry  return  ? 

Ans.  A  wet  retumis  placed  beLomth^  water  level  in  the  boflef,. 
whereas  a  dry  return  is  above  the  water  level. 

Fig.  5,331  shows  both  wet  and  dry  returns. 

■  » 

Ques  •    What  is  the  advaintage  of  a  wet  return  ? 

Ans.  It  seals  the  drips  from  the  risers  and  prevents  steam 
at  a  slightly  higher  pressure  entering  the  return. 

Oues.  Describe  the  operation  of  the  S3rsteni  shown  in 
fig.  5,331. 

Ans.  Steam  (usually  at  from  1  to  6  pounds  pressure),  passes 
from  the  boiler  to  the  branches,  AB,  and  AC;  these  branches 
being  slightly  inclined,  any  water  in  the  steam  draws  into  the 
drip  pipe.  The  steam  passes  through  the  risers  to  the  radiators, 
where  its  heat  is  radiated  in  warming  the  rooms,  thus  causing 
condensation.  The  risers  being  of  liberal  size,  the  condensation 
is  carried  by  gravity  against  the  direction  of  flow  of  the  steam, 
and  deposited  in  the  drip  pipes,  where  it  gravitates  via  the  returns 
to  the  boiler. 

A  characteristic  feature  of  such  S3rstems  is  that  there  is  a  sli^t  difference 
in  pressure  in  the  different  parts  of  the  system  due  to  the  fnctional  resis- 
tance offered  by  the  pipe  to  the  flow  of  the  steam,  this  flow  varying  because 
of  more  rapid  condensation  in  some  radiators  than  in  others.    Thus,  if  !>>» 
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water  level  in  the  boiler  be  at  D,  then  in  operation,  with  a  wet  return  (fig. 
5,331),  the  pressure  difference  will  be  balanced  by  the  water  standing  at 
different  levels  in  the  different  drip  pipes,  as  at  E,  and  F. 

When  it  becomes  necessary  to  carry  the  return  pipes  overhead  to  clear 
doorways,  or  for  any  otherreason,  the  effect  of  a  wet  return  may  be  obtained 
by  attaching  a  siphon  to  the  bottom  of  the  drip  pipe  as  shown  at  the  left 
in  fig.  5,331.  The  water  from  the  drip  falls  into  the  locnp  formed  by  the 
siphon  and  after  it  is  filled,  overflows  into  the  dry  return.  Tne  water  will  rise 
to  different  heights  G,  and  H,  in  the  legs  of  the  siphon  to  balance  the  differ- 
ence in  pressure  at  points  P,  and  P'.  Now,  if  the  siphon  were  omitted  and 
the  drip  pipe  connected  direct  to  the  dry  return,  then  there  would  be  a  ten- 
dency lor  the  condensate  in  the  dry  rcSbum  to  back  up  instead  of  draining 


[i 
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DRY  RETURN 


SIPHON^ 


.  J?iG.  5,332. — Detail  of  boiler  and  returns  of  fig.  5,331,  showing  effect  of  pressure  variation  in 
different  parts  of  the  system.  In  general,  there  is.  a  gradual  reduction  of  pressure  as  the  steam 
flows  from  the  boiler  to  the  remote  parts  of  the  system.  This  is  due  to  the  frictional  reaistanpe 
offered  by  the  pipe  and  fittings  to  the  flow  of  the  steam.  Hence  this  variation  in  pressure 
«n/if  exists  when  the  steam  is  flowing  in  the  pipes  and  inorder  for  the  steam  to  flow^  in  the  pipes 
there  must  be  condensate^  Now,  in  the  figure,  when  the  plant  is  in  operation  with  .condensa- 
tion taking  place  in  the  radiators  and  draining  i^to  the  dnp  pipes,  Biippose  the  pressure  in  the 
boiler  be  5  lbs;  in  drip  1,  4  lbs.  and  in  dnp  2.  3  lbs.  .  Then,. to  balance  these  pressure 
differences  the  water  will  rise  in  drip  1  to  L  2.3  ft.  above  the  w^er  level  in  the  boiler  t»- 
cause  there  is  a  pressure  difference  of  6 — 4=  1  lb.  and  the  weight  of  a  colvunn  of  water  2.3  ft. 
is  1  lb .  for  each  sq.  in .  of  cross  section .  Similarly ,  for  drip  2 ,  the  pressure'  differerice  is  2  Ibsi , 
hence  the  water  will  rise  twice  this  distance  above  the  water  level  in  the  boiler,  or  2.3  X2» 
4.6  ft.  to  balance  the  2  lbs.  pressure  difference. 

into  the  boiler  because  the  pressure  in  the  drip  pipe  at  P,  is  greater  than  the 
pressure  in  the  dry  return.  Fig.  6,332  shows  in  detail  the  dttect  of  pressure 
variation. 


HEATING  AND  VENTILATION  2,921 


CONDCr 

FALLIt 

PATH 

STE 


ENS ATI  OH 
JF  PATH 
STEAM 


WR 
W 


■hovn In  fig.  0,334-   It  rcQuim  do  deeptbought  to  understand  that  lome  of  thacondentttkm 
from  the  ndisiois  BboveftiUiiic  inlo  the  .nuiin  dinctly  in  the  path  of  the  (leam  flowing 


!□  will  be  taicea  up  and  carried  by  the  Btear 

unmged 

theitean..    _^ 

log  the  VTona  n/ M  m  £■■  G,33i  may  reduce  the  eflic 


r  with  consdeisUB  Riore  moiitum  than  would  be  the  cue  if  the  piping  wen 
__  fig.  6,333.  where  the  condensation  would  run  down  the  eide  out  of  the  path  of 
.     According  to  one  authority,  the  ^turating  ar-^  ---1^ — .  -*^-i. .- J  „.„_ 


Pic.  S.83t.  — Proper 
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BIGHT    WAY  (H   Iff  WOONG  WAY 

Figs.  5,336  and  5,337. — ^Right  and  wrong  methods  of  connecting  main  to  riser. 


Pig.  6.338.— Method  of  by  paaoing  a  trap.    /*  ii  good  practtcm,  though  not  ne^ssary 
ezoq^  in  special  cases,  to  instaU  eaoi  tnv  with  a  by  pass,  with  valve  on  either  side  of  tbe  trap 

and  m  the  by  pass. 


WATER 


note:  how  area  is  reduced 


WATER 


Pigs.  5,33^  to  6,341. — ^Paxilty  piping  methods.  Fig.  6.339  shows  a  water  pocket  formed 
because  of  lack  of  pitch,  and  ng.  5,340.  another  pocket  formed  by  sag  in  pipe.  These 
pockets  reduce  the  area  available  for  the  now  of  steam  with  resulting  loss  in  efficiency.  I^. 
0,341  shows  a  water  pocket  formed  by  reducing  without  using  an  eccentric  fitting. 
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Ques.  How  should  the  risers  be  coxmected  to  the  steam 
mains,  and  why? 

Ans .  45  "  elbows  should  be  used  so  that  the  condensation  will 
drain  along  the  metal  of  the  pipe  and  fittings  instead  of  dropping 
directly  into  the  steam,  which  would  tend  to  saturate  and  cool 
the  steam. 

Piga.  S,333  and  5,334  show  the  right  and  wrong  nay  oC  connectiiig  riseis 


d  by  using  ordiniLry  fittmn  on  mainfl  ins 
:Miy  oa  lone  lino) ,  a  (udden  nuh  of  M 
lu  albow  &t  the  and  with  luch  dolsnce  i 


Figs,  S,3«and  fl^43.— '■;' 

of  eccentric  fitting^.    In  i      ._....       ^    ,  .    ... 

thnrn^  the  pope  will  hurl  the  water  agauut  the 

Ques.    Where  the  riser  is  connected  direct  to  a  drip 
pipe,  how  ^ouM  it  be  connected  to  the  main? 

Ans.     By  a  45°  elbow  looking  downward,  as  in  fig.  5,335. 
Ques.    How  are  water  pockets  avoided  in  reducing  the 
size  oi  mains? 

Ans.     By  the  use  of  eccentric  fittings,  as  in  figs.  5,474  and  5,475 . 
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Figs.  5,144  and  5,145  (page  2,859)  show  eccentric  reducing  tees, 

Ques.    Why  is  such  precaution  advisable? 

Ans.  Because  a  sudden  rush  of  steam  occasioned  by  opening 
a  radiator  might  take  up  the  water  and  project  it  with  great 
velocity  and  force  against  any  turn  in  the  direction  of  the  main, 
this  effect  being  known  as  water  hammer. 

Ques.    What  trouble  is  sometimes  encoimtered  with 


Pigs.  5,344  and  5. 345. — ^Right  and  wrong  way  of  making  up  coils  and  lines  where  fiuk  ]a  re^ 
quired  for  drainage.  In  first  class  work,  "jiitch  fittings"  are  tised  to  secure  the  prcmer  inch- 
nation  of  a  pipe,  but  on  the  ustial  botch  job,  an  ordinary  fitting  is  used  and  a  *  drunken 
thread"  cut  on  the  pipe.  Evidently  such  method  of  threading  not  only  gives  a  poor  joint, 
but  one  which  because  of  the  deep  cut  on  one  side  of  the  pipe  is  liable  to  leak  in  time  by 
eating  away  of  the  thin  metfd  due  to  corrosion.  On  heating  jobs  such  work  should  be 
rejected. 

radiators  located  at  elevations  near  the  level  of  the  water 
in  the  boiler,  and  why? 

Ans.  On  long  lines  where  there  is  considerable  reduction  of 
pressure,  the  water  sometimes  backs  up  into  the  radiator,  as  in 
fig.  6,346,  thus  interfering  with  its  operation. 
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WATER  LEVEL 
IN  &OILER 


BOILER-^ 


WET  RETURN 


excessively  large.  Instead  of 
a  steam  main  encircling  the 
basement  it  is  carried  directly 
to  the  attic,  forming  a  central 
riser  for  all  the  radiators.  It 
branches  in  the  attic  to  the 
drops  or  dowii  flow ,  supply 
pipes,  which  serve  the  various 
radiators  as  shown  in  fig. 
5,347.. 

Since  steam  and  condensa- 
tion flow  in  the  same  direc- 
tion in  the  down  flow  pipes 
and  the  riser  contains  only 
steam,  these  pipes  can,  as 
must  be  evident,  be  smaller 
than  in  the  under  connected 
S3^tem,  as  shown  in  fig.  5,331. 

One  Pipe  Circuit  System. 

— For  a  rectangular  building 
of  low  or  moderate  height 
the  steam  main  is  conven- 
iently carried  entirely  around 
the  basement.  Risers  are 
tapped  from  the  main  at 
various  points  to  serve  the 
radiators.  The  main  being 
inclined  from  beginning  to 
end,  the  condensation  drains 
in  the  same  direction  as  the 


Pig.  53^. — So  called  "one-pipe"  overhead  system  as  installed  in  tall  buildings.    Its  features 
.  are  unifiow  of  steam  and  condensation,  which  permits  the  use  of  smaller  pipes . 
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steam  flows,  being  carried  to  the  drip  pipe,  thence  into  the  boiler. 
Since  there  is  no  return  pipe  as  with  the  relief  system,  the  circuit 
arrangement  is  less  expensive  to  install. 

Pig.  5,350  shows  the  general  arrangement  of  the  system,  it 
being  the  same  as  the  relief  system  with  exception  of  the  steam 
main,  and  absence  of  a  return. 
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^<s.  5,348. — Steam  loop  method  of  operating  radiator  placed  below  level  of  water  in  boiler. 
In^the  steam  loop  the  condenser  element  may  consist  of  a  pipe  radiator  placed  on  floor  above 
boiler.  The  liberal  condensing  surface  thus  provided  will  render  the  loop  very  active  in 
removing  the  condensation  and  at  the  same  time  the  heat  radiated  from  the  condenser  is 
utOised  tp.  heating.  The  drop  leg  is  provided  with  a  drain  cock  D,  and  the  connection  to 
boiler,  with  a  check  valve.  To  atari  the  ayatem,  turn  on  steam  at  the  boiler  and  open  D. 
until  steam  appears.  ,  The  condensation  of  steam  in  the  condenser  (ui>per  radiator^  will 
cause  a  rapid  circulation  in  the  riser,  carrying  with  it  the  condensation  from  the  radiator, 
\fhich,  in  passing  over  the  goose  neck,  cannot  return,  but  must  gravitate  through  the  upper 
radiator  and  drop  leg  past  the  check  valve  and  into  the  boiler.  The  pipe  at  the  bottom  of 
the  main  riser  which  acts  as  a  receiver  for  the  condensate  from  the  lower  radiator,  should  be 
one  or  two  sizes  larger  than  the  pipe  in  the  main  riser. 
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Any  ftnan^ement  of  ttie  steam  and  return  main,  such  as  the  relief  circuit, 
dividecl  circuit,  etc.,  may  be  adopted  to  suit  the  requirements  of  the  build* 
ing.  Risers  are  connected  to  the  ste&m  main  at  suitable  points  to  serve  the 
radiators,  and  down  flow  or  drip  pipes  connect  the  raiEator  outlets  with 
the  return  main,  as  shown  in  fig.  5,353. 


ATMOSPHERIC    PRESSURE 

OR  SO  CALLED  "VAPOR" 

SYSTEMS 


Pig.  6,386,  «te»m 

entering,  ur  paKing  out  through  theimo- 
■tktic  ntainer  viilvt;  ftg.  5,364,  more  steam 
entering,  condensation  and  balance  of  air 
HsAog  out  through  tmp!  tf.  S,397,  ntdistor 
lull  of  Eteam,  tbermoatatic  retainer  valve 
dosed.  As  iteam  enten  a  cold  ladistor  it 
forcea  the  cool  air  which  lA  in  the  radiator  out 
through  tbe  trap  into  the  return  piping.    In 

hcatandindoingsocandenaestowater.  The 
nateTAhichidheavlErthaTlfiteanlfalls  to  the 
bottcon  cf  the  radiator  and  flows  to  the  trap 

^nng.  After  tordng  out  the  air  the  steam  fiUi  the  radiator  and  follows  the  water  to  the 
trap  which  in  the  presence  of  stesm  kutomatically  closes  because  the  steam  is  hotter  than 
Btfierf  ~     ■  -   ■  ... 


The  heat  of  Uie  steam  enpanda  the  valve  control  elen 

inat  its  Beat  with  a  pOMthf u... -i_ — : — .■--  . 

LOT  now  thonuehly  filled 

. ind  the  water  <tt  Gondensi 

steady  stream  to  the  trap  which  it  slightiy  d 


id  holding  the  valve  against  its  eeat  with  a  poutive  preasnre,  thus  trapping  the  Bte 
e  Tsdistor.  Tlie  radiator  now  thonuehlr  filled  with  steun  gives  oS  heat  condi 
•am  at  a  uniform  rate  and  the  water  <»  condensation  which  is  cooler  than  the  st 


I  adjuats  ilsell 
from  the  rsi^ tor. 


IS  flow  of  water 
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If  mantif acturers  of  special  steam  heating  systems  working  at 
atmospheric,  or  less  than  atmospheric  pressure,  wotild  stop 
trying  to  appear  learned  by  using  such  studied  terms  as  fractional 
control,  modulation,  thermo-seal,  vapor,  syphon,  etc.,  etc.,  in 
describing  their  apparatus,  and  get  down  to  plain  English,  so  as 


-^  PADiAirOR  TRAP 


RE^tURH  MAIN 


6CAUC:  POCKE.T 


5CAL€ 
POCKET 


LAST 


£N0  OF  9TC.AM  MAIH 


STEAM 
MAIN 


SCALED 
POCKCT 


R£70RN  MAttI 


RETURN  MAIN 


Figs.  3,358  to  5,361. — Dunham  piping  suggestions  for  traps.  Fig.  5,353,  trap  used  on  wall 
coil;  ng.  5,359,  trap  used  on  ceiling  coil;  fig.  5,360,  trap  tised  on  deep  end  of  steam  main: 
fig.  5,361 ,  trap  used  to  disperse  in  steam  main.  In  appiging,  traps  to  pipe  coils  they  shoula 
be  installed  as  here  shown.  A  tcaie  pockety  shotUa  be  provided  at  the  oottom  of  the  return 
header  and  in  front  of  the  trap.  When  a  trap  is  used  for  dripping  steam  piping  it  should  be 
installed  with  at  least  four  feet  of  connecting  piping  between  it  and  the  point  dripped.  A 
liberal  scale  i>ocket  should  be  provided  also  a  vtdve  in  the  connection  to  the  trap.  When 
used  for  dripping  the  end  of  a  steam  main,  the  latter  should  enter  beyond  the  last  used  con- 
nection and  be  provided  with  a  full  Sized  scale  p<>cket.  A  rise  or^ump  up  in  a  steam  main  is 
dripi>ed  as  in  fig.  3,360.     Down  feed  risers  require  individual  dnps  and  traps. 
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PiO.  S36B-— De^T  tri-duty  nir  and  vacuum  trap  ai  iistd  on  the  Imico  combined  almoiphMic 
liiriiim  and  vacuum  ayitem.  Tlui  trap  a  placed  on  the  return  line  not  leas  than  27  uu. 
above  water  line^  DiDphrBsm  A,  ia  attached  to  pressure  main  by  small  copper  tube  at  B, 
non^nally  vslve  C.  stands  closed  aod  held  to  seat  by  light  coil  Bpnng.  Wlien  fire  is  started 
in  heater,  air  is  eipaDded  and  indates  diaphragm  A.  and  opens  valve  C,  which  remains 
open  as  lonf  as  there  is  anj  ptcnom  on  boiler.  The  steam  passes  into  radiators  at  the  top 
forcing  sir  mto  return  line  utd  oat  thnngh  opeoing  D ,  into  Soat  chamber  E.  passing  into 
~  Ig  F,  and  throuah  valva  C,  to  atmosphere.  Mcdulstine  valves  are  used  on  the  rodia- 
T*-»**m  r««»  ♦£»«.«>»  «^.**rt*- t-H  >"i-'^  «-*■»»  ii»*aiiidtato  float  chamber  E.expand- 


in  paas  thiough  radiatoi 

ins  OamaaUtie  float  G,  doses  valve  H.     If  the  it         _ 

nJM*  tiw  float  O,  and  dnses  valve  H.  When  t£i'  Iteam  Boes  down,  valve  C,  is  forced  to 
■eat  by  rail  spring  and  vacuum  is  formed  by  condensation  in  the  radiators  and  diswiog  the 
mpOT  thtoogn  the  system  until  the  temperature  ia  too  low  in  heatins  syatem  to  canse  eiimls- 
tkio.  Tnea  when  the  firs  is  replenished  ami  steam  commences  to  Ee  given  off  oiroubtion  is 
■gain  established  before  any  piesaurB  is  shown  and  when  presture  rises  the  triduty  air  and 
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not  to  mystify  the  ordinary  public,  their  customers  would  no 
doubt  be  more  enlightened  and  more  n 


Low  pressure  steam,  vapor,  and  vacuum,  as  i^iplied  to  heatii^,  are 
merely  relative  terms,  the  first  applyii^  to  pressures  of  1  to  5  pounds;  the 
second  to  pressures  oE  1  to  5  ounces,  and  the  last  to  any  pressure  below 
atmosphenc. 

Fig.  5,354  shows  an  atmospheric  pressure  heating  system. 


Iha.  £.363.— Dunham  i^ntt  sugeuCiou  for  ladiator  couaection*,  ndiator  t»p  wicl  traps 


It  should  be  understood  that  the  term  atmospheric  pressure  is  only  used 
(ot-  convenience,  for  in  fact  a  pressure  of  about  five  ounces  above  atmos- 
pheric is  carried  on  the  boiler  or  sufficient  to  overcome  the  frictional  reas- 
tance  of  the  piping,  and  since  the  return  connection  of  the  radiators  is 
open  to  the  atmosphere,  it  can  be  readily  understood  that  the  success  of 
the  ssratem  depenite  on  the  proper  working  of  the  automatic  damper  r^iu- 
lator  in  keeping  the  boiler  pressure  within  proper  limits.    To  accomphsh 
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When  the  pressure  in  the  boiler  is  the  same  as  that  of  the  atmosphere, 
that  is,  ixxo  gause  pressure,  the  water  level  in  the  float  chamber  is  the 
same  as  that  in  the  boiler  and  the  index  hand  points  to  zero. 

Now  in  generating  steam  as  the  pressure  increases,  the  water  loveJ  in 
the  bcnler  is  forced  downward,  frtiich  causes  the  level  in  the  float  chamber 


The  float  in  rising,  ^ce  it  is  connected  by  pulleys  and  chains  to  the  damp- 
ers, closes  the  ash  pit  damper  and  opens  the  stack  damper,  thus  checking 
the  draught  and  preventing  the  further  increase  of  steam  pressure.  Steam 
is  distritmted  to  the  radiators  through  the  usual  risers,  which,  however, 
with  this  system  are  connected  to  the  radiators  at  the  top  as  shown  in  the 
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COMBINED  ATMOSPHERIC 
PRESSURE  AND  VACUUM 

SYSTEM 

The  object  sought  in  vacutiin  heating  is  to  avoid  devitalizing 
the  air  by  using  steam  in  the  radiators  at  pressures  less  than 
atmospherip,  thus  reducing  the  temperature  to  which  the  metal 
of  the  radiator  is  heated.  For  instance,  the  temperature  of 
steam  at  atmospheric  pressure  is  212  °  Fahr . ,  and  at  say  6  pounds 
absolute  pressure,  which  corresponds  to  a  19.7-inch  vacuum, 
it  is  only  162  "*  Fahr. 

In  the  ccwnbined  atmospheric  pressure  and  vacuum  systems, 
the  pressure  in  the  boiler  is  maintained  at  from  one  to  five  ounces 
above  atmospheric  pressure,  which  is  needed  to  opera,te  the  dam- 
per regulatOT,  it  being  "throttled"  by  the  radiator  supply  valves 
to  give  the  desired  vacuum  in  the  radiators.  The  working  prin- 
ciples of  such  systems  are  shown  in  fig.  6,370. 

In  ox>eration  when  steam  is  raised  in  the  boiler  it  passes  through  the  steam 
main,  risers  and  supply  valves  to  the  radiators. 

The  proper  working  of  the  system  is  obtained  by  an  automatic  device 
or  trap,  which  doses  against  the  exit  of  either  steam  or  water,  and  allows 
air  to  pass  out,  but  not  retiim.  This  device,  as  shown  in  fig.  6,370,  con- 
sists ofthree  elements;  diaphragm  valve  L,  float  valve  A,  and  thermostatic 
valve  F.  There  is  a  connection  R,  from  the  supply  pipe  or  pressure  side 
of  the  boiler  to  the  diaphragm,  and  when  there  is  no  pressure  on  the  boiler 
this  valve  is  held  shut  by  a  spring. 

When  the  -fire  is  started  and  the  air  in  the  boiler  is  expanded,  the  dia- 
phragm is  inflated  and  opens  the  vacutun  valve,  making  a  direct  opening 
through  valves  A,  and  P,  (which,  under  this  condition  are  also  open),  to 
the  atmosphere.  The  valve  L,  r^nains  open  as  long  as  there  is  a  fraction 
of  an  ounce  pressure  on  the  boiler. 

Now  as  steam  forms  and  passes  through  the  system  it  drives  all  the  air 
out  through  the  three  open  valves  L,  A,  F,  but  when  the  steam  reaches 
the  thermostatic  valve  P,  the  heat  causes  it  to  expand  and  close,  thus  the 
system  is  filled  with  steam  only. 
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The  vacuum  is  now  obtained  oa  the  imndple  thttt  the  steam  admitted 
into  tbe  radiators  condenses,  while  transmitting  its  heat  throu^^  the 
radiat^  and  shrinks  con^derably  (eadi  cubic  foot  of  steam  ludng  approxi- 
mately reduced  in  volume  to  1  ciidc  inch). 

If  1^  too  mudi  throttling  trf  the  steam  Biqiply  to  the  ladiaton,  tlu  vacmun 
should  become  etroi^  enough  to  dmw  up  nstcr  in  the  return  jnpe  too  hish, 
the  fioat  rises  and  doses  v^ve  A,  remaming  dosed  until  the  water  Tecx&, 
then  it  opens,  allowing  valve  P,  to  expel  any  air  that  may  be  in  the  system. 


vLth  chain  attachioent;  4,  moduln- 


nai^emcnt  of  Webster  "pTgs-eo"'VBmum  Bijitcm.    Tti»  part*  armi  1, 

13.  standud  columi 

Ifl,  vacuuni  pump;   17.  v^uum  pump  eov* 
r;  20,  boiler  eauge^  21 ,  Ereaie  trapi  32,  prea-ct 
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VACUUM  SYSTEMS 

In  order  to  compete  with  hot  water  heating  systems  which, 
becatise  of  the  low  working  temperature,  do  not  devitalize  the 
air,  various  steam  systems  working  at  pressures  below  that  of 


bltK^  MAIN 
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Pio.  .6t372.— Differential  Co.  vacuum  return  line  system  showins  an>tic!ation  of  differentia] 
and  impulse  valves.  In  the  installation  shown  there  are  three  differential  valves  located  in 
the  return  risers  at  A.  They  are  weighted  to  open  at  about  five  lbs.  di£ferenoe  in  pressure, 
and  as  there  are  a  number  of  radiators  in  each  group,  an  impulse  check  valve  is  placed  on 
the  return  end  of  each  radiator.  In  operation,  the  vacuum  pump  is  started  and  the  air  i» 
echausted  from  the  return  line  until  a  vacutun  of  10  inches  is  produced.  This  causes  the 
three  differential  valves  in  the  branch  returns  to  open,  and  establish  a  substantiall^r  uniform 
flow  through  each  into  the  main  return.  As  the  air  in  the  pipe  between  the  differential  valve» 
and  the  radiators  is  exhausted,  the  impulsr  check  valves  on  all  radiators  will  open  and  a 
uniform  flow  is  thereby  obtained  from  each  of  these  into  the  branch  returns.  In  accordance 
with  UiA  location  of  each  of  the  differential  check  valves,  the  weights  in  them  are  adjusted 
to  compensate  for  changes  in  pressure  due  to  the  friction  of  flow  in  the  steam  and  return 
mains  up  to  that  point,  and  thereafter  no  part  of  the  apparatiis  will  require  any  attentiipn. 
No  jet  water  is  required  or  necessary  at  the  vacutun  pump,  and  the  amotmt  of  vacutun  carried 
may  be  fixed  at  any  point  by  putting  the  correct  weights  in  the  differential  check  valves. 
Tibe  degree  of  vacutun  maintamed  on  uie  rettim  line,  or  the  difference  in  pressure  between  ^e 
steam  and  return  line,  is  established  and  maintained  at  any  predetermmed  amotmt  by  the 
adjustment  of  the  differential  valves.  Therefore,  a  vacutun  governor  should  not  be  used  to 
regulate  the  vacutmi  pump.  If  the  vacutun  ptunp  be  of  stimdent  capacity  and  the  main 
return  is  tight,  the  dttired  vacuum  will  be  maintained  by  the  immp  operating  at  minimum 
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Fig.  S.3TS.— Difierential  Co.  impida  valve  tot  vacauin  ntum  line  system.    /I  tarulmlm  of 

-  ■■ ' — i~>—  ; ■-'  ■■ '^ndatd  viive  body.    Thia  cylinder  fits  into  s  counter 

eld  liimlr'  in  placs  by  a  sCmeg  simng.  A  sat  is  pn 
hO  the  bottom » and  a  valve  piece  is  svun^  firna  abov 
ig  check  valvea.    The  vilve  disc  is  provided  with  u 


leavy  brass  cylinder  inserted  in  a  standard  valve  body.    ' 


„ i»  held  firmly  in  place  by  a  strong  spring.    A  seat  is  pro- 
vided in  the  side  of  the  cylinder,  close  ^  the  bottom,  and  a  valve  piece  is  swunj;  fma  above 


in  the  Borne  manner  as  is  usual  in  swma  ct 
impact  surface  upon  which  the  water  Ot  co 
its  full  capacity.    The  seat  ol  the  impulse  vn 

check  valve,  so  that  it  will  properly  control  the  now  ot  water  (uM  ateam  from  the  ladiatof 
and  prevent  short-circuiting.  The  wei^t  <d  the  impulse  valve  disc  ovar  the  area  of  this  Mat, 
as  well  as  the  lestriction  of  uw  orifice,  are  both  so  proportiooed  that  the  pressure  in  the  brandi 
returalines  is  from  one-qcufter  to  one^ialf  pound  lowet  than  the  prenire  in  the  steam  main, 
irrespective  of  the  pressure  carried.  In  opervCiiHi,  whea  the  supply  valve  of  the  radiator 
ii  closed,  the  impulse  check  valve  prevent*  bdjt  water  or  steam  entsrinc  the  Tadiator  from 


Pic.  5,374. — Dtfhceotlal  Co.  difanttial  valve  for  vacuum  ntnm  line  syatem.  It  U  made 
with  a  standard  aafety  valve  body  and  has  a  restricted  orifice  through  the  scat  which  is  pro- 
potticaKd  to  thedeiiied  capacity  □{  the  valve.  The  valve  disc  in  this,  as  well  as  in  the  impala* 
valve,  is  provided  with  an  impact  su[fa.:e  upcn  which  the  water  of  condensation  nri&a  in 
order  that  the  nlve  shall  «  opened  to  its  maximum  capacity  when  water  ia  passng.  The 
valrfi  disc  is  altoprovided  with  a  central  rod  and  cup  shaped  portion  for  holding  the  weighta 
tv  which  the  deiued  diHerence  in  pressure  is  obtained  and  regulated.  The  area  of  the  seats, 
and  the  weights  In  all  sizes  of  valves,  are  proportioned  so  that  the  brass  cup  villfiive  about 
"*"         rnjng  in  the  bottom 


u  inches  of  vacuum  and  each  lead  weight  one  inch  additional.    Thi 

of  the  valve  is  intended  as  a  clean  out  and  should  be  provided  with 


il  valve  so  that  the  system  will  drain  when  the  plant  ia 
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RCDUCIH6  ELBOW 
plRTSTEtMHCR 

.TRAP 
r  CONNECT  INTO  TOP 
6ATLVALVC7     I    r     ^^^FKIURMMAIN 


IGS.  S.37fi  Bod  6Xn. — DuMpuna  ahowinc  method  ot  concectine  Biahop  Kid  Babeock  vmci 
tnp  on  drip  pants  at  the  return  line  vacuum  ■yatem.  Fig.  B.37S.  when  retum  mam 
beuir  sopp^  nuin;  Sg.  G,376,  whenntumia  on  aanie  level  or  above  lupiily  main. 


— Tyiwel  method  of  connecting  thermostatic  valve  or  to  caBed  "vBcu-ttap"  i 
H  cj  a  dovn  feed  riser  for  hot  water  type  radiator  as  used  with  Bishop  and  Babca 
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the  atmosphere  have  been  devised,  and  are  known  as  vacuum 
sj^tems.  These  may  be  divided  into  two  general  classes,  accord- 
ing to  the  method  of  producitig  the  vacuum,  as 

1.  Natural  vacuum,  by 

a.  Mercury  seal. 

6.  Thermostatic  valves. 

2.  Mechanical  vacutun,  by 


CONOENSATICiN 1 
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MERCURY  SEAL 


Fio.  6,378. — ^Natural  vacuum  mercury  seal  system.  The  airline  is  provided  with  a  valve  D, 
just  be}rond  the  drip,  and  loop  C,  leading  to  the  mercury  seal,  the  latter  being  virtually  a 
barometer  composed  of  mercury  tube  A,  and  mercury  ctn>  B .  In  operation,  when  the  prss- 
cure  is  above  atmospheric  preanare.  the  air  is  forced  out  d^  bubbiiag  tbrou^  tbs  a>sac4iKy  in 
the  cup  B,  and  when  there  is  vacuum,  the  mercury  rises  in  the  tube  A,  to  balance  the 
vacuum. 

a.  Ejectors. 

b.  Air  pumps,  etc. 

Natural  Vacuum  Systems. — ^Any  standard  one  or  two  pipe 
steam  system  may  be  converted  into  a  natural  vacuum  sydtem 
by  replacing  the  ordinary  air  valve  by  a  "mercury  seal"  or  con- 
necting thermostatic  valves  to  the  radiator  rettim  outlet  on 
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radiators  and  providing  a  damper  regulator  to  the  boiler  adapted 
to  vacuimx  working. 

The  mercury  seal  system  shown  in  fig.  6,378,  is  about  the 
simplest  arrangement. 

The  mercury  seal,  which  is  virtually  a  barometer,  consists  of  a  tube  A, 
which  dips  just  below  the  surface  of  mercury  in  cup  B. 

When  steam  is  raised  in  the  boiler  to  a  i>ressure  above  atmospheric,  it 
drives  all  the  air  out  of  the  S3rstem,  the  air  leaving  by  bubbUng  through 
the  mercury  in  cup  B .  If  the  fire  be  then  allowed  to  go  out ,  the  steam  \nll 
condense  and  produce  an  almost  perfect  vacutun,  provided  aU  pipe  fitting 
has  been  carefully  done  and  the  stuffing  boxes  are  tightly  packed. 
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Ficss.  5,379  to  6.381. — ppefation  of  mercury  seal.  Air  beins  heavier  than  steam,  is  blown  out 
by  babbling  throtigh  the  mercury  in  the  cup  B,  fig.  5,379,  all  the  air  being  expelled  in  fig. 
5,3S0.  Now  when  the  fixe  is  chedced  the  condensation  in  the  radiators  produce  a  vacuum 
causing  the  mercury  to  rise  in  the  seal  pi];>e  as  in  fig.  5,381,  to  a  height  corresponding  to  the 
degree  of  vacutun. 

Evidently  by  providing  the  boiler  with  proper  automatic  draught  control, 
the  apparatus  mav  be  operated  at  any  desired  degree  of  vacuum,  say  4  or  5 
pounds  absolute  (21.8  and  19.7  inch  vacuum),  and  have  the  water  boiling 
at  temperatures  as  low  as  153  to  162  degrees  P. 

A  loop  at  C,  prevents  water  being  carried  over  into  the  seal  pipe  when 
purging  the  system  of  air. 

If  air  should  re-enter  the  sjrstem  through  leaks  it  may  be  again  expelled 
by  raiong  the  steam  pressure  above  atmospheric.    As  applied  to  residence 
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heating  y  the  plant  may  be  operated  during  the  day  at  several  pounds  gauge 
pressure  by  closing  valve  D,  and  when  nres  are  oanked  for  the  night  this 
valve  may  be  opened  and  the  system  worked  under  vacuum. 

The  flexibility  of  vacuum  systems  is  in  sharp  contrast  with  low  pressure  sjrstems  where 
steam  disappears  £rom  the  radiators  as  soon  as  the  temperature  drops  below  212  degrees. 

THCRM05TATIG  RETAINER  VALVES- 


MASTER 
THERMOSTATIC 
t  p.    VALVE 


Fig.  5,382. — Natural  vacuum  system  with  retainer  and  master  thermostatic  valves.  Individual 
thermostatic  valves  A,  B ,  C.  are  placed  on  the  outlet  of  each  radiator  which  pass  air  or  water, 
but  close  to  steam.  At  the  end  of  the  air  line  is  a  master  thermostatic  valve  D,  which 
operates  when  the  system  is  puived  of  air  by  excess  pressure.  The  vertical  distance  M, 
between  water  level  in  boiler  ana  lowest  point  of  air  hne  should  be  not  less  than  two  feet 
for  each  inch  of  vacuum  to  be  carried  in  the  system. 

According  to  weather  demimds^  the  radiators  may  be  kept  at  any  tempentture  frcnn 
say  150  degrees  to  220  degrees.  Figs.  5,379  to  5,381  show  in  detail  the  principle  of  opera- 
tion of  the  mercury  seal. 

Instead  of  a  mercury  seal  the  same  effect  may  be  obtained  by 
the  use  of  thermostatic  valves.    In  the  usual  arrangements,  an 
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individiial  tbenno&tatic  "retainer"  valve  is  placed  on  each  radi- 
ator and  a  master  valve  at  the  end  of  the  airline,  as  in  fig,  5,382. 

The  object  of  the  retainer  valves  is  to  automatically  allow  the  discha^e 
<rftheair  and  water  without  letting  the  at^m  pass  through;  the  master 
L,.; 1 1-; —  ^1 'n  the  air  line. 


tbecmostatic  valve  retains  the 


FiO.  S^.-^tail  of  CI 
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id  Riutn  tharmcMtatie  -nlra 

m  thermoitatic  in  their  action 

or  thenncnUtio  valve  i>  a 

IB  clofled  ai  long  aa  the 


Fig,  6JI83  shows  in  detail  one  of  the  retainer  valves  and  the  master 
valve.  The  latter  has  in  addition  to  the  ezpanding  element,  a  ground 
seat  poppet  check  at  the  top  that  is  practically  air-ti^t  and  will  retain 
the  vacuum  within  the  system  for  a  considerable  time.  This  valve  operates 
triien  excess  pressure  is  generated  in  the  bonier  to  purge  the  system  of  air, 
the  check  at  othn'  times  remaining  closed. 

Draught  Control  on  Natural  Vacuum  Systems. — The  suc- 
cessfvil  operation  of  natural  vacuum  Eystems  depends  largely  on 
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hold  that  heat  in  the  system  for  hours.     Automatic  damper 
regulators  are  designed  to  act  by 

1.  Pressure, 

2.  Temperature, 

or  a  combination  of  these  two  agencies. 

Fig.  5,384  shows  a  regulator  which  acts  on  the  pressure  prin- 
ciple or  rather  difference  of  boiler  and  atmospheric  pressiu^. 


In  Etartine  the  wekiht  is  placed  on  the  left  «de  <A  the  lever,  bs  Bhown, 
which  tilts  the  lever  G>o«tion  LFh  and  opens  the  damper.  The  wdgbt  is 
adjusted  by  the  Gtop  so  that  sufficient  pressure  is  produced  to  dear  thd 
^Btem  o£  air  before  the  r^iitdator  trips  to  position  L'F'  (shown  in  dotted 
hnee),  and  doses  the  damper. 

As  the  pressure  comes  on,  it  will  be  noted  that  the  regulator  is  gradually 
doeing,  and  when,  entirely  dosed,  the  weight  slides  to  the  right  and  remains 
in  this  position  until  the  vacuum  in  the  system  becomes  strong  enough  to 
gradually  open  the  damper — just  enough  to  m^tain  a  vacuum. 

In  the  mornins  the  regulator  may  be  set  to  open  position  from  the  floor 
above  by  the  pull  chain  M .  This  generates  pressure  and  purges  the  system 
of  any  air  which  might  have  accumulated,  and  then  the  r^ulator  we^t 
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Fig.  6,387  shows  a  thermostatic  control  or  damper  regtilator 
which  depends  upon  temperature  changes  for  its  operation. 

Since  the  temperature  of  steam  increases  with  the  pressure  evidently  the 
expansion  and  contraction  of  a  rod  exposed  to  the  steam  can  be  made  to 
operate  the  damper. 


STEAM   MAIN 
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RETURN 


Pig.  5,3S7. — ^Tbermostatic  i^ressure  control  or  damper  regulator  operating  on  changes  in  tem- 
perature oi  the  steam  coming  from  the  boiler.  The  temperature  of  saturated  steam  in  contact 
with  water  depends  upon  the  pressure  under  which  it  is  (generated.  At  the  ordinary  atmos- 
pheric pressure  (14.7  lbs.  per  sq.  in.)  its  temperature  is  212^  F.  As  the  pressure  of  the 
steam  is  increased  or  decreased,  its  temperature  is  increased  or  decreased  respectively,  thus 
for  a  0.7-in.  vacuum  the  temperature  is  193**;  for  a  22  in.  vacuum,  only  153*\ 

In  the  figure  such  a  rod  is  fastened  at  A,  in  a  closed  cylindrical  chamber 
through  which  steam  from  the  boiler  passes  to  the  main.  The  end  B,  is 
free  to  move,  passing  out  of  the  chamber  through  a  stuffing  box.  The 
motion  of  the  rod  is  considerably  ma^jnified  by  the  bell  crank  lever,  which 
is  connected  to  the  damper  by  a  cham  attached  at  C. 

In  c^)eration  as  the  i)ressure  of  the  steam  rises  its  temperature  will 
increase  and  the  rod,  which  is  made  of  a  metal  having  a  higher  coefficient 
of  expansion  than  that  of  the  cylindrical  chamber,  the  end  B,  wiU  move  to 
the  nght,  thus  causing  end  C,  of  the  lever  to  descend  closing  the  d^nper. 

When  the  pressure  falls,. the  rod  contracts,  and  the  spring  which  keeps 
the  bell  end  m  contact  with  the  rod  causes  end  C,  of  the  lever  to  rise  and 
open  the  damper. 
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The  lever  will  assume  some  intennediate  position  then  holding  the 
Eteam  at  some  predeteirnined  pressure,  which  may  be  varied  by  means 
of  the  screw  adjustment  D.  In  this  airangement,  there  is  no  provision 
for  securing  excess  pressure  to  purge  the  system  of  air  at  startrng — this 
must  be  done  by  haoA  control  <^  the  damper. 

A  more  extended  control  depends  on  both  pressure  and  tem- 
perature for  its  operation.  Fig.  5,388  shows  an  arrangement  o£ 
this  kind. 

The  regulator  employs  pressure  for  starting  and  temperature  for  mnniiig. 
In  starting,  the  themioGtatic  portiod  of  the  regulator  isdosed  off  from  the 


FzOi  5388. — RobertA-Hajnilton  presaure-tflmperatun  damper  regulator.  Tim  lower  pvt  u 
the  DremuTB  chamber  and  tlie  upper,  the  thermosUtic  chamber.  The  thernKxtalio  portion 
of  the  regulator  is  connected  to  the  steam  main  and  not  to  the  boiler,  bo  aa  to  r^Euute  the 
temperature  in  the  ladiatora  an '  ""         ....■-■•        .   ■      i  ,    ..      .     r.     .- 

the  thermostatic  portion  ' 


system,  and  it  is  necessary  to  produce  enough  pressure  (less  than  one  pound) 
to  force  the  air  from  the  system.  When  this  is  accomplished,  the  regu- 
lator automatically  opens  a  valve  ta  the  thermostatic  portion,  which  tfiiBn 
maintains  the  temperdture  desi  'u  <t3  itage  ?mbrf  cing  both  vacuum  and 
low  pressure  operation. 

Mechanical  Vacuum  'iiyst^ms. — The  term  mechanical  is 
liere  used  to  indicate  vacuum  systems  in  which  an  ejector  or 
pump  is  used  to  maintain  the  vacuum,  as  distinguished  from  the 
natural  vacuum  systems  already  described. 


HEATING  AND  VENTILATION 


2,865 


STEAM  MAIN 


WATER  LEVEL  IN  BOILER 


7 


BOILER 


RETURN 


.TOR 


M^ 


Pig.  5,380 .—rBjector  mechanical  vacuum  system  as  applied  to  one-pipe  distribution.  The 
thermostatic  air  valves  are  piped  to  the  air  line  which  has  an  ejector  for  ejecting  air  iroca. 
the  system.    The  ejector  may  be  operated  by  live  steam  or  water  under  pressure.    A  test 

made  at  the  Ohio  State  University  showed  that  432 
lbs.  of  steam  was  required  for  the  ejector  per  8, MO 
lbs.  of  condensation,  or  approximately  5%.  Of 
course,  this  steam  need  not  be  wasted  as  it  could  be 
utilized  in  various  ways,  as,  for  instance,  passing  it 
through  a  radiator  for  heating. 


Fig.  5,389  shows  an  ejector  system 
in  which  the  ejector  removes  the  air 
only,  the  condensation  returning  to 
boiler  by  gravity. 

Fig.  5,390. — ^Thompson  air  line  vacuum  pump}' 
sectional  view  showing  construction  and  method 
of  operation.  It  operates  with  a  rolling  motion, 
but  the  impeller  does  not  revolve  and  does  ao^ 
require  a  water  or  oil  seal. 
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irm^Mn  yAtia  it  cool*  br  the  ur  in  tlw  float  contracting  and  drawing  tha  water  from  the 
mH  (uimandina  the  float  into  ths  flOHt  iUelf .  wliich  naluiHlly  maliH  the  flost  heavy  and 
catiM)  it  to  droii,  and  the  air  relief  valve  ia  then  leady  to  reles'-e  the  sir  from  the  Brstem. 
when  the  pzemin  ii  a^ain  Keneratsd  in  the  boiler,  when  the  boiler  ilrauBhti  are  opened 
and  steam  isagaingenecatu  fast  enough  to  displace  the  sir  in  the  heating  plant,  the  air  win 
pus  out  tiunigh  the  air  relief  e<)uiIMnent  autDmaticalli,-  until  the  Eteam  reaches  the 
air  relief  valve  snd  expands  the  air  in  the  float:  then  the  float  will  again  rise  and 
close  the  vaLve.  preventing  the  stesia  escaping.  The  vacuum  valve  is  used  on  aU  work 
where  the  steam  supply  fluctuates.    It  is  used  for  the  purpose  of  keepina  the  air  from 

irtiat  is  called  atmospheric  pressure,  on  gauge.  When  the  steam  ccndenses  in  the  radi- 
ators faster  than  it  is  being  produced  at  the  boiler,  a  vacuum  condition  takes  place. 
which  lowers  the  pressure  inside  of  the  radiatont  and  pipes  to  less  than  atmospheric 
I^cssure  on  the  outside.    Then  the  sir  would  get  back  mCo  the  system,  through  the 

planU  where  the  presauiB  fluctuates:  as  where  the  heat  is  regulated  by  the  boiler  drsught.or 
where  it  is  not  possible  to  employ  a  janitor  to  keep  a  steady  pressure  and  five  constant 
^tention  to  the  beating  plant,  such  aa  residences  or  other  small  or  medium  sized  buildings 
where  individual  boilers  are  used.    On  latxs  plants,  where  high  pressure  is  carried  on  boilers 

nectioa  with  ceotrsl  station  heatin^i>laiits,  or  exhaust  steam  plants,  where  a  constant  supply 
{•<ii>»«  BTni:iahi>  *h»*  ■■  nn  nu^  of  using  the  vscuum  valve  because  ths  produc 


.     .      .         „  d  at  the  outlet  of  the  air  relief 

valve  inatesd  of  the  vacuum  valve  as  shown  in  the  illustration  above.  The  vacuum  valve 
operates  on  the  differential  principle .  using  the  pre«5u«  on  the  area  of  a  very  large  dia- 
phium,  to  close  a  valve  havmg  a  much  smaller  area.  The  large  diaphragm  drops  of  its  own 
wdgnt^ holding  the  valve  open,  under  normal  conditions,  or  when  the  pressure  in  the  system, 
is  lower  than  Uie  atmosphere.  The  space  below  the  diaphragm  is  open  to  the  atmosphere. 
When  the  steam  in  the  radiators  condenses,  Iherehv  InwirinB  the  nressure  in  the  svstem 
or  in  other  words,  creating  a  vacuum,  the  higher 
lower  side  of  thedi     '  -    -     . 
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The  elector,  which  may  be  operated  either  by 
steam  gt  water,  is  started  b^ore  steam  is  turned  on 
the  Eystem,  thusr^tt^  the  aii*xi  removed,  gteam  irill 
quickly  fill  the  radiators  andiAsnaiti  full  of  steam 
smce  tne  air  is  automaticaSjnt^oved  as  raindly  as 
it  accumulates.  '  p^  ■ 

The  system  is  equally  ^^Q  itdapted  to  exhaust 
heating,  where  the  water  flowrto  ft  return  tank  and 
is  pumped  back  to  the  boilets,  and  is  largely  used 
in  this  class  d.  work. 

The  system  commonly  used  in  exhaust  heat- 
it^  employs  an  air  or  so  called  vacuum  pump , 
which  ejects  both  the  air  and  condensation 
from  the  sj'stem,  such  type  of  air  pump  being 

FiCS.  S,3e3  ud  6.SM. — MoHne  uitiHiypboii  Mai  for  M^ntins  the 
water  from  the  Btesm  or  low  preenre  comhtned  steun  tr^ie. 
Thaw  Kill  will  hold  bade  about  3  Iba.  pmniM  In  tha  line*  to 
be  dnined.    They  pcevent  my  greater  pr *""' "*  — 


wlule  EiviDg  t,  imnve  three  time>  the  wotlans  pnatufo  for  the 
hentinsniBini.  The  hIb  an  set  at  the  end*  of  the  heitiiis  >iiaiiu. 
Ai  condeiuation  oooin  iv:  flowa  thiougb  the  uait.  The  outlet  of 
the  Ma]  ia  piped  to  the  [Oint  ot  diqnaal  of  the  eondenwition.  or 
the  leneiTei  of  a  leti'm  trap,  ateam  pump,  etc.,  *■  omdilibiia 


Fig.  SpSSS. — Moline  ejector  of  MoUne  michuical  vacuum  lyftcm.    Thia  ejector  ia  cooiMCtiaB 


J«  t.r  lb.  «>» 

dependence  on  automatic  parts. 
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called  a  w€t  air  pump,  as  distinguished  from  a  dry  air  pump, 
which  handles  only  air. 

A  feed,  pump  is  used  to  return  .the  condensation  to  the  boiler. 
Fig.  5,396  shows  the  essential  features  of  the  system  as  applied 
to  the  fractional  valve  distribution.  This  gives  a  natural  circu- 
lation. 


Tig.  5,396. — Aix  pump  mechanical  vacuum  s^tem  as  applied  to  fractional  valve  distribution. 
Air  pumps  a»  commonly  used  for  maintaixung  a  vacuum  on  exhaust  steam  heating  systems. 
The  air  pump  mechanical  vacuum  system  consists  essentially  of:  ,1,  thermostatic  retainer 
valves  at  the  radiators  (to  prevent  steam  reachinfir  air  pump  and  breaking  vaocum) ;  2,  receiver 
(for  discharge  from  air  pump,  and  having  a  vent  to  allow  air  to  pass  ofiF);  3,  feed  pump,  to 
pump  condensation  bacK  through  4,  heater,  to  boiler. 

In  operation,  air,  being  heavier  than  steam,  passes  off  through 
thermostatic  retainer  valves  to  the  air  pump.  When  the  steam 
reaches  these  valves  they  close  automatically  to  prevent  the 
steam  passing  into  the  return  line  to  air  pump  and  breaking 
vacuum. 
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The  discharge  from  the  air  pump  passes  into  a  receiver  where 
the  air  is  allowed  to  escape  through  a  vent. 

The  condensation  is  pimiped  from  the  receiver  back  into  the 
boiler  by  the  feed  pump,  passing  on  its  way  to  the  boiler,  through 
a  heater,  where  it  is  heated  by  the  exhaust  steam  from  the  air 
and  feed  pumps. 

Exhaust  Steam  Heating.— The  term  exhaust  steam  heating 
relates  to  the  source  of  the  steam  rather  than  to  its  distribution. 
In  fact,  after  the  exhaust  steam  enters  the  heating  system  its 


VACUUM  RETURM 


TO   VACUUM 
PUMP 


Pig.  5,397. — lift  fitting.  The  arrangement  here  shown  is  adapted  for  use  on  the  main  return 
lines  of  vacuum  heatmg  systems  at  points  where  it  is  desired  to  raise  the  condensation  to  a 
higher  level,  in  operation,  the  momentum  of  the  water  is  maintained  and  assists  in  mgi^wg 
the  lift  with  a  mimmum  loss  of  vacuum.  The  lift  fitting  is  constructed  with  a  podcet  at  the 
bottom  of  the  lift  into  which  the  water  drains.  As  soon  as  sufficient  water  accumulates  to 
seal  this  pocket  it  ia  drawn  to  the  upper  portion  of  the  return  by  the  vacuum  produced  by  the 
pump.  The  shape  of  the  fitting  is  such  that  dirt  and  scale  are  usually  swept  along  by  the 
current.  Clean  out  plugs  are,  however,  provided  for  use ,  if  necessary.  A  second  fitting  in  a 
reversed  position  is  recommended  for  use  at  the  top  of  the  lift  (as  illustrated)  to  prevent 
water  running  back  while  the  pocket  is  filling. 


action  is  no  different  from  live  steam  taken  from  a  heating  boiler, 
it  being  adapted  to  both  low  pressure  and  vacuum  systems.  The 
chief  differences  are  the  provision  for  delivering  the  steam  from 
the  engine  to  the  heating  system  free  from  oil  and  at  constant 
pressure,  and  for  returning  the  condensation  to  the  boiler  at 
high  pressure. 

Fig.  5,399  shows  the  essential  features  of  an  exhaust  heating 
system,    with   fractional    control   vacuum   distribution.      The 
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ilatt.  openma  the  vain  seat  at  HH.  which  kllowH  the  whIct  to  esope  into  the  vacunni 
n  pipe  B2.     After  the  mnoval  of  the  water  the  float  aeoin  settles  on  leat  HH.  nntQ 


u  the  ndiiton  or  ooili,  dd«  to  oondcnsation.  enters  through  possaae  FP.  and  ig  dnwn 
thronghthecoluiiino{waterin»pac«D,  into  the  top  of  float  chamber  AA.  Here  its  direction 
(oBowi  airowj  OG,  bdnB  drawn  through  the  ainall  opening  in  guide-pin  at  F,  down  through 
the  hollow  body  of  copper  float,  past  the  valve  teat  at  HH,  into  the  vacuum  return  B2. 
ThiBremovalotairiscontinuouBreeardltssof  the  amount  of  water  pnsenl.  Thehypaul. 
when  opened  allowi  all  dirt,  core  sand  or  scale  to  pass  directly  into  the  vacuum  return  thug 


cleaning  the  valve  and  preventing  clogging  by 

by  peas  is  such  that  the  water  may  be  emptied  f 

conoitiooB  eusting  in  space  D.     There  ie  no  possibility  of 
~'         a  the  colunm  ol  wal  "       " 


jhajnber  AA,  without  interfering  w 


letunervalvs,  is  three  inches  deep;  also  the  opening  on  top  of  guide  at  P,  is  so  constructed 

■nattei  M  all  times.  The  upper  and  lower  guide  valve  pin  are  interchangeable,  makmg  it 
immateria]  aa  to  how  the  float  s  placed  in  the  valve  as  it  works  suceessfiilly  either  way.  The 
pill  or  guide  projecting  from  the  cap  on  top  of  the  valve .  keeping  the  float  in  proper  position. 
The  air  outlet  being  free  at  all  times  and  the  accumulation  of  foreign  matter  m  the  air  passage 
ia  therefore  impoesible. 
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necessary  devices  between  the  engine  and  inlet  to  heating  system 
are: 

1.  Oil  separator  and  trap, 
'2.  Back  pressure  valve, 

3.  Pressure  regulating  valve, 
and  for  mechanically  producii^  the  vacuum  and  reducing  the 
condensation  to  the  high  pressure  power  boiler, 

1.  Air,  or  ao  called  vacuum  pump, 

2.  Receiver  with  vent, 


— nijnOLi  "BcIipK"  combDUktiDQ  temperstim  regulator*  This  valve  li  used  to 
le  tempcmture  of  Bteun.  ni,  air  or  water  by  temiwratiin.  It  can  be  snuuRd  to 
'  open  as  deaired  with  a  alight  Taiiation  d£  the  tempera  tun  minting  at  eoma  deaired 


3.  Feed  pump, 
in  addition  a  feed  water  heater  is  provided  both  for  economy  and 
to  permit  returning  condensation  and  make  up  feed  water  to 
boiler  at  the  proper  temperature. 

la  operation  exbauEt  steam  from  the  endne  first  passes  through  the 
bestei,  then  tluisugh  the  oil  separator,  which  frees  it  mnn  the  lubricating 
dl,  the  latter  passing  oS  into  the  oil  trap.  The  steam  now  enters  the  heating 
^stem  at  A.  its  pressure  being  prevented  riang  above  a  predetermined 
iMnit  by  the  back  pressure  valve  (regulated  by  weight  B),  and  maintained 
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Snce  there  is  a.  continual  loss  of  water  thtough  various  leaks,  the  feed 
pump  miction  is  connected  at  E,  ^th  the  supply  from  the  street  main  or 
other  source,  the  amount  entering  ttie  system  being  contrdled  by  the  "make 
op"  valve 

The  various  automatic  devices,  such  as  back  pressure  valve,  pressure 
regulating  valve,  etc.,  necessary  to  adapt  th«  exhaust  to  heating  purposes, 
are  shown  in  the  accompanying  illustrations. 


Pw.  6,402. — Preraure  regulsiioa  VBlve  and  adcmnulalor  tor  maintaining  a  constant  preasuro 
in  tlie  Msam  heatinjc  main,  ft  mainCaias  the  pressure  constant  by  automaticalljr  adniittins 
atMum  vbentiiaanmly  from  the  exh&uBtia  not  adfrquatfl  to  meet  the  deciand,  tile  amount  r^ 
(teunthniadmitted  being  thatnecesury  to  i>revent  fall  of  pleasure.   The  valve  is  controlled 

tea  Utt«r  being  connected  to  the  hcatias  main  at  the  point  irom  whicb  the  pressure  Tcgulatat 
it  to  be  Eovemed.  The  accumnlater  ia  always  half  full  of  water  and  its  elevation  must  be 
mclkthat  the  water  line  in  the  accumulater  ig  Level  with  the  diaphraERi ,  ao  that  there  will 
not  be  an  unbalanced  column  of  water  to  eiert  pfessuie  on  the  diaphragm.  The  water  pro- 
tect! the  diaphragni  from  the  ateam.  the  preaure  of  the  latter  being  transmitted  from  the 
■Itfface  of  the  water  in  the  accumuiater  to  th^  diapbiagm.  In  operation,  when  the  exhaust 
ikia  F,  is  at  the  predeteniioed  pressure,  this  brings  sufKcient  force  against  the  under  or 
wstar  Bde  of  the  (fiaphnigin  to  overcome  the  downward  thniat  due  to  the  adjustment  weight 
mud  eJDW  the  vahre.  Now  if  the  engine  alow  down,  or  then  be  a  heavy  demand  for  heat  so 
ttiat  the  exhaust  ii  not  adequate,  thepreisureintheeiduiuitaideP,  wfllfaU.andthe  down- 
mtd  thruat  of  the  adjnitnunt  weight  will  overcome  the  opposiiia  preasure  of  " '■ 


lie  diuhiagm  and  open  the  valve  a^ihtingtiTe  ateam  from  uiebcSer  aide  L.  into  the  eibaust 
idfl  F,  in  Buffident  Quantity  to  reatore  the  preaaure,  Theinertiaof  the  water  in  the  accumv- 
itOT  acts  as  a  danqwE  to  pnvtnt  ovn*eDativeD*»  of  the  valve,  or  "kmUmt."  due  to  slight 
lOmentary  flDctnatkma  of  preflaure  in  the  eahauat  aide  F.  The  spring  under  the  diaphngm 
I  to  balance  the  downmrd  thrust  of  the  lever  and  hold  the  valve  m  doaed  poiitioD  when  the 
naaure  ia  the  same  on  both  aidea  of  the  diaphragm. 
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la  back  pressure  v> 

•t  pr«aiun  at  wUch  tbe  nlve  will  open. 


Fig.  S,404. — Indirect  heating  showing  mdirect  ndiator 
duct  from  outside,  dietiibution  piats  damper  oontrol, 
lie  advantage  o(  indirect  heatingia  thomugh  - — -'— ■ 
beating  both  in  installation  and  in  oparktion. 


,  ita  placement  in  sir  tight  a 
BDircoTinection  with  hot  si 
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INDIRECT  HEATING 

This  is  a  combiaation  of  steam  or  hot  water  heating  and  hot 
air  heating,  the  object  of  the  system  being  to  secure  the  advantage 
of  steam  or  hot  water  as  a  heating  medium  and  avoid  the  disad- 
vantages of  these  or  of  the  hot  air  furnace. 

Indirect  heating 
secures  thorough  ven- 
tilation because,  in 
principle,  fresh  air 
from  the  outside  is 
ECT  passed  over  a  radi- 
ator placed  in  an  air 
duct  or  flue,  the  heat 
imparted  to  the  air 
causing  a  brisk  circu- 
iQ  lation,  thus  fresh  air 

is  constantly  entering 
the  room  to  be 
heated,  instead  of  re- 
heating the  same  air 
IRE3CT     as  in  direct  heating. 

In  the  purdy  indirect 
system,  the  radiating 
surface  {ill  advisedly 
called  "heating  stack  ) 

FlO.  fi,40B. ~Iadlnet-dlnel  heHting  showing  encasement  of  rsdiKtor  fnd  air  duct  conaectiaa 
with  the  outside.    An  air  damper  regulste!  the  amount  of  air  entenng. 

is  placed  somewhere  remote  from  the  room  to  be  heated,  as  in  fig.  5,404, 
as  distinguished  from  the  indirecl-dtrect  system  in  which  the  radiator  is 
placed  within  the  room  to  be  heated  but  its  lower  half  is  so  encased  and 
connected  to  the  outside  of  the  building  that  fresh  air  is  continually  drawn 
into  the  room  as  in  fig.  5,405. 

Ftnrced  Indirect,   or  Hot  Blast  Heating. — As    generally 
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2  HOT  WATER 
HEATING 

Water,  as  a  medivun  for  transmitting  heat  in  heating  dwellii^ 
possesses  several  advantages  over  steam: 


Figs.  E.408,— Bst  nwthod  oi  Utdiu  c 
— -"'-«itiDH.    A  45"  eflxiw  may  be  ■ 
Jons  Bhould  be  taken  <a  tbe 


■I* 


, ,_, wlevelAB  the  pipes  □£__, 

M  ai  to  give  the  lut  pipe*  the  asma  edvantage  ne  the  othen. 

Via.  5,411 . — Row  ccnnecCioni  on  hot  water  riaen  ihould  be  nuule  ea  u  to  give  all  the 
to  the  lower  floor.  The  tendency  ii  for  the  hot  water  to  flow  to  the  upper  Boon  i 
titmlwr  to  the  above  are  neceaary  to  ofbet  thia  tendency. 

o  Oiblin  &  Co.  (or  the  above  iniutnted  p 
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1.  Becatise  of  the  low  working  temperattires  the  heat  is  very 
tnild  and  the  atmosphere  is  not  robbed  of  any  of  its  healthful 
qualities. 

2.  Since  the  temperature  may  be  varied  it  is  more  flexible 
than  low  pressure  steam  systems. 

3.  The  radiators  will  remain  warm  a  considerable  time  after 
the  fire  is  extinguished,  thus  the  system  is  a  reservoir  for  storing 
heat. 


RETURN 
TO  TRAP 
OR  9\)ViP 


5TCAM 
FEED 


CLEAN  OUT  PLU6 


Fig.  5,412. — ^Water  heater  set  Up  in  cofmection  with  a  storage  tank.  It  can  be  used  in  this 
way  for  exhaust  or  high  pressure  steam*  and  the  water  of  condensation  may  be  returned  to 
a  well  by  a  trap,  or  taken  to  a  pump  governor,  provided  the  pump  receiver  do  not  carry 
pressure.    The  water  of  condensation  snoxild  drain  freely  from  the  tubes  to  get  good  results. 


As  with  steam  heat,  there  are  numerous  hot  water  heating 
systems.    These  may  be  classed 

1.  With  respect  to  circulation,  as 


a.  Natural 

b.  Accelerated 


{ 


By  excess  presstire 
superheating 
steam  or  air 
pumps 


«« 
<« 
<« 
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2.  With  respect  to  the  piping 
arrangement,  as 

o.  Single  j)ipe  system. 

b.  Two  pipe  system. 

c.  Circuit  system. 

d.  Overhead  System. 

3.  With  respect  to  the  prin- 
ciple of  air  circulation,  as 

a.  Direct. 

b.  Indirect. 

c.  Indirect  direct. 

4.  With  respect  to  pressure,  as 

a.  Low  pressure. 

b.  High  pressure. 

NATURAL 
CIRCUUTION 

In  order  that  water  may 
transmit  heat  from  the  heater  to 
the  radiators  there  must  be  a 
constant  movement  of  the  water 
from  the  heater  to  the  radiators 
and  back  again,  or  circulation  as 
it  is  called.  In  natural  circula- 
tion systems,  this  circulation  is 


Pigs.  5,418  and  6,414. — Motive  force  in  natural  ciicttlation  hot  water  heating  system.  The 
question  is  often  asked.  "Why  does  the  water  circulate?"  It  is  due  to  the  difference  in  density 
of  water  at  diflFerent  temperatures.  Thus  in  fi^.  6,414,  if  the  riser  pipe  hold  say  1  cu.  ft.  of 
water  at  212®  its  weight  is  69.76  lbs.,  and  similarly  if  the  return  pipe  hold  1  cu.  ft.  of  water 
at  70*  its  weight  is  ^.31  lbs.  Thus  the  column  of  water  in  the  return  pipe  is  62.31 — 59.76  — 
2  65  lbs  header  than  the  column  of  water  in  the  riser.  This  unbalanced  weight  forms  a 
motive  force  which  causes  the  water  to  circulate  throtigh  the  system  as  indicated  by  the 
arrows,  and  further  portrayed  by  the  effect  of  the  unequal  weights  placed  on  the  beam  scale, 
fig.  6,413. 


HEATING  AND  VENTILATION 


2,973 


EXPANSION 

TANK  CIRCULATION 

BY  PASS  Pipe. 


due  to  the  difference  in  density 
or  weight  of  water  at  different 
temperatures. 


Thus  1  cubic  foot  of  water  at 
70  degrees  P.,  weighs  62.31  lbs. 
and  at  212  desrees,  59.76  lbs. 
representing  a  difference  in  weigjit 
of  62.31--59.76  =2.65  lbs.,  wluch 
is  available  to  cause  drctdation, 
as  shown  in  fig.  5,413.  The 
difference  in  wei^t  is  due  to  the 
expansion  of  water  as  its  temper- 
ature is  raised. 

Fig.  6,415  shows  the  essen- 
tial features  of  a  two  pipe  low 

The  following  table  gives  the  rela- 
tive volume  of  water  at  different 
temperatures  compared  with  its  vol- 
tmie  at  39.1^  Fahr.,  according  to 
Kopp,  as  corrected  by  Porter. 

Expansion  of  Water 


Pahr. 

Volume 

Pahr. 

Vokune 

39.1 

1.00000 

122 

1.01186 

41 

1.00001 

131 

1.01423 

60 

1.00025 

140 

1.01678 

59 

1.00083 

149 

1.01951 

68 

1.00171 

158 

1.02241 

77 

1.00286 

167 

1.02548 

86 

1.00425 

176 

1.02872 

95 

1.00586 

185 

1.03213 

104 

1.00767 

194 

1.03570 

113 

1.00967 

212 

1.04332 

Pig.  5,415.— Two-pipe  natural  circulation  hot  water  system.  In  operatioiip  alter  the  fire  is 
started  the  temperature  of  the  water  in  the  heater  rises,  and  expands;  this  disturbs  the  cQui- 
librium  of  tiie  system,  causing  the  eolder  and  heavier  water  in  the  down  flow  jnpe  to  flow 
downward »  mishinff  the  warmer  and  lighter  water  in  the  riser  upward,  thus  starting  circula- 
tion, a  circulation  by  x>ass  pipe  bdng  provided  to  form  a  continuous  path  for  the  flowing  water 
in  case  all  the  radiators  be  shut  oft.  The  escpansion  of  the  water  will  cause  it  to  rise  in  the 
expansion  tank  from  M  to  some  higher  levelas  S.  Now  if  valves  L  and  P,  be  opened  the 
water  will  flow  through  the  radiators,  where  most  of  its  heat  is  absorbed  in  heating  the  rooms. 
This  win  increase  the  density  ef  the  water  in  the  down  flow  pipe,, thus  accelerating  the  circu- 
lation. Air  vents  on  the  radiator  are  necessary.  Because  of  this  expansion  it  is,  necessary 
to  leave  the  highest  point  of  a  hot  water  system  open  to  the  atmQQ>here  and  provide  at  that 
paint  an  expansion  tank  for  the  variation  in  volume. 
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The  circulatioia  in  this  arrangement  is  not  so  good  as  in  that  of  fig.  6  415» 
and  for  this  reason  the  circuit  main  should  be  of  very  liberal  size  to  reduce 
friction  to  a  minimum. 

The  so-called  one-pipe 
.  $3rstem  is  shown  m  fig. 
5,417.  In  this  arrange- 
ment special  distribution 
tees  are  employed  to  de- 
.  fleet  part  of  the  water 
from  the  main  into  the 
radiators  while  letting 
the  balance  flow  through 
the  main  to  the  next 
radiator. 

This  is  a  single  pipe 
system  in  the  sense  that 
one  pipe  serves  both  in- 
let and  outlet  of  each 
radiator » but  there  must 
be  an  upflow  side  L, 
and  a  down  flow  side  F^ 
thus  there  are  two  main 
pipes. 

Evidently  the  heat  dis- 
tribution by  this  method, 
as  well  as  by  the  circuit 
system,  fig.  5,416^  is  not 
tmiform,  the  radiators  on 
the  upflow  side  L,  being 
hotter  than  those  on  the 
downflow  side  F. 


t 


HtATtR 


^ 


I 


Fig.  6,417.— So  called  orur-pfp*  natural  circulation  hot  water  system.  L  is  the  riser  side  and 
P  the  down  flow  side.  Ine  aystem  consists  of  a  vertical  loop  which  carries  both  tho  supply 
and  return  water  of  the  radiators.  Special  distribution  tees  having  an  internal  baffle  tongue 
facilitate  the  circulation  to  and  from  the  radiators,  this  being  shown  in  detail  in  fig.  5,418. 
No  air  vents  on  the  radiators  are  necessary. 
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Fig.  5,418  shows  the  overhead  system.  This  is  virtually  the  same  as 
the  one-pipe  system  with  the  addition  of  a  central  riser  to  which  no  radiators 
are  attached.  Special  distribution  tees  are  used  as  in  the  one-pipe  system 
of  fig.  5,418. 


Hi^h  Pressure  Hot  Water  Systems. — ^The  heating  systems 
thus  far  described  are  known  as  low  pressure,  being  open  to  the 
atmosphere,  although  the  head  on  some  systems  in  big  buildings 

DI5TWBUTI0N  TEE 


Pig.  5,41S. — Distribution  tees  connecting  radiator  to  main  of  so  called  one  pipe  system,  shows 
baffle  tongues  which  deflect  part  of  the  water  from  the  main  in  and  out  of  the  radiator  while 


by  passing  the  balance  along  the  main. 


makes  them  virtually  high  pressure  systems.  The  object  of 
increasing  the  pressure  is  to  raise  the  boiling  point,  thus  the  water 
can  be  heated  to  a  higher  temperature  when  under  high  pressure 
without  generating  steam,  than  can  be  done  with  low  pressure. 

In  England  high  pressure  hot  water  systems  are  used  for  various  purposes, 
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such  as  laundry  dryers,  bake  ovens,  enameling,  etc.,  the  system  working 
at  from  250  to  360  degrees.  The  piping  is  rdatively  small,  extra  heavy 
pipe  and  fittings  being  used. 

As  distinguished  from  low  pressure  jdants,  high  pressure  systems  are 
provided  with  closed  expansion  tanks,  the  t^k  containing  water  for  the 
system,  and  air  which  forms  a  cushion.  The  expansion  timk  is  pi/mded 
with  a  safety  valve. 
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FiG.5,41d.— Ovcrheodiritnn.  Itiiconodoedbrioin 
it  ■■  not  adApted  to  nil  cImsh  of  buildings,  then 
office  buDdims,  hotels,  etc.,  where  the  ^neral  arrai 
air  vents  an  nvceMary  nt  anjrpoint  on  the  syatem 
woiks  to  the  top  end  poises  OS  into  the  expansion  I 


termed  the  etaiid  pipe,  the 
inner  one,  the  circulatins 
pipe.  The  upper  end  of 
the  stand  pipe  ii  ecnwed 
into  tlie  bottDin  opeoioB  at 
a  hollow   bulb,  tenneq  & 

isthebestmethod  of  piping.  Although 

:meiit  lends  itself  to  this  system.    No 
B  the  uiangemeut  is  >uch  that  all  air 
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Fig.  5.421 . — ^Koertins  hot  water  heating  system.  It  ha»  a  series  of  motor  pipes  lecfling  from 
the  upper  part  of  the  heater  to  a  mixer,  where  the  steam  is  condensed  b^ore  it  reaches  the 
expansion  tank  by  the  water  entering  throujsh  the  by  pass  from  the  return.  The  velocity  of 
the  steam  and  water  through  the  motor  pipes  and  the  i>artial  vacuum  caused  by  the  con- 
densation in  the  miser  pnxuices  the  acceleration  up  the  flow  pipe. 

Fig.  5,422. — Jorgensen  and  Bruchner  hot  water  heating  system.  The  heater  K,  delivers  the 
hot  water  up  toe  flow  pipe  to  a  regulator  R,  where  a  separation  takes  place  between  the 
steam  particles  and  the  water,  thus  causing  an  acceleration  up  the  motbr  pipe  to  'the  expan- 
sion tank  A.  The  water  in  the  flow  pipe  2,  is  probably  near  to  the  temperature  of  that 
in  1.  ^  After  passing  through  the  radiators  the  water  in  8,  is  at  a  lower  temperature  than 
that  in  2.  The  steam  particles  which  have  collected  in  the  exjMtnsion  tank  A,  above  the 
water  line  are  condensed  in  V.  The  acceleration  in  the  system  is  thus  produced  hy  a  combi- 
nation of  the  upward  movement  of  the  steam  partictes  in  motor  pip9  1,  and  the  induced 
upward  current  in  3,  toward  the  condenser  V* 


Fig.  5,420.— Text  continued. 

chamber,  which  has  also  an  opening  at  the  top  into  which  the  i^ipe  connection  to  the  ex- 
pansion tank  is  made .  The  lower  half  of  the  stand  pipe  is  screwed  into  a  bottle  shaped  hollow 
casting,  terminating  in  a  hollow  cup  or  shoe  scrswea  on  the  bottom  of  the  pq>e.  The  plug 
B,  screwed  into  the  bottom  of  the  bottle  makes  it  tight  except  for  opening  C,  on  one  side  near 


NOTE. — It  wilt  be  noticed  in  figs.  5. 421 'and  5,422  that  the  condensation  in  one  system 
takes  place  before  the  exiMtnsion  tank  and  in  the  other  system  after  it  has  passed  the  expansion 
tank.  Each  of  the  systems  illustrated  may  be  carried  under  pressure  by  a  safety  valve,  or  by 
an  expansion  tank  located  high  enough  to  give  sufficient  static  head. 
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In  opmration^  Hie  water  pawH 


TjGS.  S,423  and  5.424, — Reck  Byitem  of  fiot  waKr  neauna.     jn  apwrattan.  u»  wa 

dinctlir  from  the  hwter  up  tbs  miua  liaer  when  it  enten  tbo  coademcr  C,  and  tl 

the  BXpuuiiM  Unk  A.  u  k  nip^  to  ths  flow  pipe*  of  the  lyitem.    Steam  from  e  eepante 
boiler  u  Bdoutted  to  uw  mixer  B .  above  the  ccmdeiiHr  and  enter*  tha  cinuUtint  water  iiut 


IS  expaniiini  tank  nacbee  tha  top  afthe  overflow  pi 

ateam  boiler  tbrough  the  coodeoMr  C.  when  it  givu  aS  heat  to  tha  upper  eumait  of  tha 
drculotiDy  water.    Itwill  be  aeen  that  the  water  in  fba  ayiteni  and  the  ■team  from  ths 

aystenu  they  an  independent. 


'  cliHmber,  beinfl  nl 


onnected.    The 


:ipt. 


lower  part  of  the  bottis 

height  of  ths  small  pltift  _  , „  _.  _,, _,,  _   _      ..       _. ^.. 

of  tne  operation  of  the  aenentGT  id  boAed  on  thn  fact  that  mercury  la  uiirteen  timea  heaviei 
than  water,  and  the  BKiarstul  is  really  a  mercury  stal,  nquiring  a  pnssme  of  ab 
pound*  to  break  the  s«J  and  alkn*  the  prEsium  to  reach  the  eipaaaioa  tank.    Tha 

parte  of  the  ■snerstor  an  to  arranoed  aa  to  -" —  " ' — '■ — '-' -■ 

and  to  be  Moarated  from  ths  watsr liy  plate '. 


arranged  aa  to  allow  the  mercury  to  circulate  under  prcssun 

water  by  plate  E,  when  Uw  msrcnry  aeal  is  broken  by  exceis  of 

Aa  tbe  mercury  i*  heavier  than  the  water,  it  aettlsa  again  thmueh 
■       ■-- --  -lyofthe 


■pace  P,  mto  tha  mercury  chamber  at  the  bottom  o(  ths  aentntoi.  Tbe  > 
Circulation  throu^  smalt  luptng  and  reduced  radiation,  tinder  a  temperatun  < 
at  ten  pounds  pretiun,  nnden  the  reduced  amount  of  radiation  (10%  reduc 


rapidity  of  11 


eather  and  the  wide  n 


at  tempeiaiura  allows  of  a 
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ACCELERATED 
CIRCULATION 


_jpD^ 


By  increasing  the  velocity  of  the  circulation  smaller  pipes  may 

be  used,  thus  resulting  in  a 
reduction  in  cost  of  labor  and 
material.  Numerous  devices 
have  been  introduced  to  ac- 
celerate the  circulation  and 
the  following  principles 
which  have  been  employed 
may  be  mentioned. 


^ 


• 1  |— 1  ' —  —  _ 

— I*——  1-+ 
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MOTOR 
PIPE 


1.  High  presstire  to  gain 
1^    greater    temperature 
difference. 


I 


2.  Superheating  a  part  or 
all  of  the  circulating  water 
as  it  passes  through  the 
heater  and  condensing  the 
steam  thus  formed  by  mixing 
it  with  a  portion  of  the  cold 
circulating  water  of  the  down 
flow  pipe. 


^^=Tj.    MAIN 
£3*-RI5ER 

Pig.  5^25. — ^Modified  Reck  hot  water  heating  system.  In  thU^  •ytem  air  is  injected  in 
the  riser  pipe  at  B,  and  causes  the  acceleration  by  a  combination  of  the  partial  vacuum 
produced  by  the  steam  condensation  as  just  mentioned  and  the  upward  current  of  the  air 
^rticles  as  in  an  air  lift.  Steam  enters  uirough  the  pipe  J,  and  ejector  H,  to  the  mixer  at 
B,  where  it  is  condensed.  In  passing  through  H,  air  is  dxuwn  from  the  tank  £,  and  enters 
the  main  riser  with  the  steam.  The  upward  movement  of  this  air  through  the  motor  pipe 
to  the  tank  induces  an  upward  flow  of  the  water  in  the  main  riser.  By  this  combination 
there  are  formed  three  complete  circuits,  water,  steam  and  air,  imiting  as  one  circuit  from  the 
mixer  B,  to  the  expansion  tank  £.  The  steam  furnished  may  be  supplied  by  a  separate 
steam  boiler  or  by  steam  coils  in  the  fire  box  of  a  hot  water  boiler. 
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3.  Introducing  steam  or  air  into  the  main  riser  pipe  near  the 
top  of  the  system. 


4.  Forcing  by  pumps. 


3 


ELECTRIC 
HEATING 

Production  of  the  Heat. — For  domestic  and  some  industrial 
purposes,  heat  is  produced  by  electricity  by  forcing  it  through 
resistance  wires,  raising  the  temperattire  of.  the  latter,  and 
applying  the  heat  thus  generated  to  the  articles  to  be  heated. 
Resistance  wires  are  made  of  special  materials  and  are  capable 
of  withstanding  high  temperatures  without  deteriorating. 
Metals  and  alloys  having  high  specific  resistance  or  low  temper- 
ature coefficient  of  resistance  are  largely  used  for  resistors. 

Heating  Units. — ^The  term  heating  unit  is  given  to  that  por- 
tion of  a  cooker  or  heater  which  gives  out  the  heat  for  warming 
an  oven  or  hot  plate  or  for  raising  the  temperattire  of  a  room.  It 
consists  of  some  material  which  is  more  or  less  a  bad  conductor 
of  dectridty,  and  when  current  is  taken  through  it,  by  making  | 
it  form  a  portion  of  an  electrical  circuit,  it  becomes  hot  owing  to 
the  resistance  it  sets  up  to  the  current.  In  order  to  meet  the 
varied  conditions  of  service  there  are  numerous  forms  of  resistor 
or  heating  unit,  and  these  may  be  classified  as: 

1.  Exposed  coils  of  wire  or  ribbon  open  to  air  and  wound 
arotmd  insulating  material. 
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Pics.  5,426  to  6,436.— Varictiu 
tyi>e8  of  heating  unit. 


2.  Wire  or  ribbon  in  the  form  of  coils 
or  flat  layers,  embedded  in  enamel,  as- 
bestos, mica,  or  other  insulators. 

3.  Filling  of  metal  fixed  on  enamel, 
mica,  or  glass. 

4.  Metallic  powder  mixed  with  clay 
and  compressed  in  forms,  and  crystal- 
lized silica  in  tubes  of  glass. 

5.  Incandescent  filaments  in  vacuum. 

Blectric  ladiatars  for  room  heating  consist 
usuaUy  of  a  resistaaoe  wire  wound  on  asbestos 
tubes  covered  with  a  coating  of  fire  proof 
cementing  compound.  When  air  is  thus  ex- 
cluded, (%mian  diver  may  be  used  as  a  resis- 
tor. 

« 

The  following  details  are  given  of 
some  of  the  heating  tmits  in  general  use: 

The  Eclipse  element  consists  of  high 
resistance  ribbon  crimped  to  give  greater 
length  and  free  air  space,  wound  over  mica 
strips  with  the  ends  connected  to  heavy  eyelet 
terminals. 

The  Caior  element  has  a  base  of  fire  clav 
with  grooves  into  which  spirals  of  fine  high 
resistance  wire  are  placed. 

The  Phoenix  element  has  spiral  wire 
coils  held  lightly  at  sshort  intervals  by  porcelain 
insulators  mounted  on  a  suitable  basie. 

The  Hot  Point  element  is  made  up  of  . 
nichrome  wire  or  ribbon,  wound  lightly 
around  thin  strips  of  mica,  then  further 
covered  with  a  thin  mica  covering  and  in- 
serted very  tightly  into  grooves  or  ^ots  made 
in  the  hot  plate  or  iron  base  to  receive  the 
finished  strips. 
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The  Belling  element  oonsists  of  a  fire  day  strip  iivith  spurals  of  nichrome 
vim  stretched  across  the  width  of  the  base,  notches  being  provided  in 
the  base  for  receiving  the  ends  of  the  spiral  and  holding  them  tightly  in 
position  in  the  manner  shown. 

The  Jaekeon  elenwnt  has  a  different  class  of  fire  day  base  with  quite 
a  smooth  smiace,  the  section  of  the  strips  being  a  flat  oval  mte  or  ribbon 
of  niqhrome,  is  wound  tightly  over  the  strip  in  one  continuous  length  and 
damped  between  heavy  terminals  at  each  end. 

The  Trlclty  elements  consist  of  nichrome  ribbon  wotmd  over  thin  mica 
and  damped  between  thin  sheets  of  mica  and  metal.  The  method  of 
winding  provides  for  uniform  distribution  of  heat  at  any  loading. 

The  Bastlan  or  Quartgalite  element  consists  of  a  s^nral  of  nichrome 
wife  or  ribbon  coated  with  a  film  of  oxide  insulation.  The  spiral  ift  hdd  in 
or  on  a  tube  of  quartz.  The  turns  of  the  spiral  may  be  dose  together  without 
fear  of  short  circuit.    This  gives  it  a  "hot  rod"  appearance. 


<W1TCH» 


siNGU  eiEMctn 


FiO«  9487.— lAmuigenwnt  of  latecD*!  circuit  for  heaten  giviag  three  heatiacryiduM.  in  the 
dimtrmtnp  A  repments  oao  third  o£  the  heating  circuit;  BB,  two  third*.  With  twitch  8  on. 
one-third  ci  full  heat  i«  even;  with  S',  two  thirds,  while  with  both  S  Mid  S'  on,  the  heater 
worln  with  full  power.  At  T,  are  two  termiaah  to  which  the  ends  of  the  flexible  oocd  from 
the  {dug  are  secured. 


Temperature  Regulation  in  Electric  Heaters. — Many 
appliances  have  only  one  internal  circuit  so  that  only  one  heating 
value  can  be  obtained.  There  are,  however,  a  great  nximber 
which  have  their  resistances  divided  into  two  or  more  parts, 
which  can  be  connected  in  different  ways,  so  that  several  heating 
values  can  be  obtained. 

In  the  simplest  case,  the  internal  circuit  consists  of  two  parts 
of  equal  heating  capacity,  each  being  independently  controlled 
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by  an  ordinary  switch,  or  the  two  by  a  double  switch,  thus 
pennitting  operation 

1.  With  either  circuit  on. 

2.  With  both  circuits  on. 

In  some  cases  the  internal  circuit  is  divided  into  two  parts  of 
unequal  heating  capacity  so  three  heating  values  can  .be  obtained, 
by  operating 


Figs.  fi,43S  to  6,440. — Intsnul  dicuita  of  bcatef.  A»  •hoini  tba  btatcr  vlra  ue  divided 
into  three  Kctioni:  A,  B.  uid  C,  connecled  to  tl»  sitemiil  termiiula  P.  A  thne  hole 
•Qclcet  Bphasona  conductor  of  ■  twin  flexible  cord  connected  to  the  tro  outer  BoclcetB,  and 
the  otiier  to  the  middlo  •ocket.  The  socket  piece  may  thus  be  pat  on  the  [rina  in  tlma 
different  wayi,  aa  shown  in  the  three  fiAurea.  In  fi£.  A.433.  sectiea  A,  onir  of  the 
heater  is  in  cin^t;  in  Si.  3,43S,  Erctioos  B  and  C  are  connected,  and  in  fie.  a.440,  all 
sectiona  are  in  circuit.  The  signa  +  and  —  in  each  fig<ire  indicate  the  heater  cod  of  the 
fleiiblo  cord,  the  other  temiinatinB  in  a  plug  connection  or  awitch  plug  on  the  irall.  In 
some  apparatus,  a  three  or  four  beds  aoclut  la  made  to  gt  a  "^'**p^'f*"B  number  ot  ^pina 
in  one  position  only,  "and  ia  connected  through  a  tri[He  or  qiuLdruple  fleaUe  cord  Co  a  tmj 
or  three  way  awitch  adjacent.  The  varioua  degreea  of  heat  are  uien  obtained  by  alteiina 
the  position  of  the  switch. 


1.  No.  1  circuit  alone. 

2.  No.  2  circuit  alone. 

3.  Both  circuits. 

Thus,  several  degrees  of  control  can  be  obtained  by  providing 
enough  internal  circuit  charges. 
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Itoom  Heating. — Only  ia  a  comparatively  few  instances  is 
electricity  employed  to  advantage  in  the  heating  of  rooms,  such 
practice  being  confined  chidly  to  intemuttent  auxiliary  service 
in  offices  and  dwellings,  ticket  booths,  or  on  electric  cars  where, 
because  of  the  cheapness  of  the  supply  (being  generated  on  a 
very  large  scale  at  the  power  house),  it  is  desirable  for  heatii^. 
Fig.  5,441  shows  the  underseat  method  of  car  heating  and  figs. 
5,412  to  5,445  the  side  truss  arrat^ement  with  wiring  di^crams. 

HEATING  CALCULATIONS 

Lou  of  Heat  from  Buildings. — To  determine  the  size  of  a 
heating  plant  it  is  necessary  to  first  estimate  the  loss  o£  heat 


e  it"is  found  that  20,000  B.i.k.  are  neeesMry 

When  the  outside  temperature  is  I8H°P.. 

only  16.000 S.I. »■  ue  nquired,  etc.,  which  shows  the  neccuity  of  having  electric  heiiters 
adjustable.    The  amount  of  heat  necessary  in  a  car  to  nminuin  a  ^vai  inside  temperature 

cuiied.  Tba  aiensB  »non  ii  capable  of  giving  out  an  amount  of  heat  in  24  houre  which 
i>  aqiiBl  to  mi  SJ.B.  Thn  is  evidently  an  mat.  aa  Kent  says  that  a  peraon  gives  out  about 
400  tut  unita  per  hour,  and  testa  by  the  Bureau  of  Standards  show  appnnimBtely  the  uioe 
(413)  tor  a  penon  at  rest,  and  about  twice  that  for  a  Dum  at  haid  labor  (gas>. 
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from  the  btulding/    This  is  figured  on' a  basis  of  B.t.u.  lost  X)er 
hour.    Heat  is  lost  in  two  ways: 

1.  By  radiation.     2.  By  convection. 

In  the  first  instance,  heat  is  transferred  through  walls,  windows,  etc., 
and  lost  by  radiation,  and  in  the  second,  it  is  earned  off  by  the  movement 
of  the  air  as  it  passes  out  through  the  opening  in  the  building. 

Values  for  radiation  losses  by  conduction  of  heat  thixmgh  various  mate- 
rials such  as  brick,  wood,  glass,  etc.,  have  been  given  oy  various  authorities 
as  found  by  experiment.  Although  these  tests  agree  closely,  the  results 
obtained  when  the  materials  have  CMsen  put  together  in  a  buildmg  sometimes 
vary  quite  widely,  due  to  the  quality  of  the  workmanshir . 

The  fohowihg  table,  is  compiled  by  the  Gtirney  Beating  fco. 
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i^MWWMM*. 


MWIWWW<« 


»>MMM- 
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'L-IiL4i 


^* 


Pigs.  5»442  to  6.445.— Wiring  diaframa  for  Consolidatod  heaters  for  use  along  truss  clank, 
and  view  of  tnxss  plank  in  position  showing  wiring  in  moulding.  Pig.  5,442,  8  heater 
equipment;  fig.  5,443,  16  heater  equipment;  fig.  5,444,  24  heater  eqiaipment;  fig.  5,446. 
truss  plank  heater. 
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L068  of  Heat  per  Square  Foot  of  Surface 


Material 

B.tM. 

per  hour 

Masonry 

4  inch  brick  wall 

.68 

.46 

.32 

.26 

.23 

.3 

.27 

.25 

.2 

.45 

.4 

.36 

.3 

.27 

.25 

.2 

.3 
.26 
.23 
.2 

1.10 
.62 
.50 

1.16 

.30 
.23 

8    «        «        «   

12    •        *        *   

16    «       «        « 

20    •        «        «   

24    «        «        «   

28    •        «        «   

36    •        •        « 

44       «'            «             M 

For  reinforced  concrete  add 
20  per  cent  to  brick  values 
12  inch  stone  wall,  rubber  or 
block  masonry 

16  inch  stone  wall,  rubber  or 
block  masonry , 

20  inch  stone  wall,  rubber  or 
block  masonry 

24  inch  stone  wall,  rubber  of 
block  masonry 

28  inch  stone  wall,  rubber  or 
Hock  masonry 

36  inch  stone  ws3l,  rubber  or 
block  masonry. 

44  inch  stone  wall,  rubber  or 
block  masonry. 

Planks 

1  \^  inch  pine  planks 

2H    "       "         "     \'.\\\\\. 
3        «       **         «     

Windows,  Skylights,  and 
Outside  Walls 

Sinele  window 

*           *      double  glass. 
Double     *      

Single  skvlieht 

$^  inch  sheathing  and  clap- 
boards  

J^inch  sheathing,  paper 
and  clapboards 

Material 


Partitions,  Floors  and 
Ceilings 

Stud  partition,  lath  and 
plaster  one  side 

Stud  partition,  lath  and 
plaster  both  sides 

Ordinary  lath  and  plaster 
ceiling  separating  un- 
heated  space  from 
heated  rooms 

Floor,  single,  thickness  ^ 
inch,  warm  air  above 
and  cold  space  below: 

A.  No  {>laster  beneath 

joists 

B.  Lath  and  plaster 

beneath  joists.... 
Floor,    double,    thickness 
l}4  inches,  warm  room 
above   and   cold   space 
bdow: 

A.  No  i)laster  beneath 

joists 

B.  Lath    and    plaster 

beneath  joists . . . 

Miscellaneous 

Wood  as  flooring 

"       **  ceiling 

«       «  wall 

Fire  proof  flooring 

*        *     ceiling 

Cement  as  flooring 

Dirt        «        « 

Wood  under  slate  or  com- 
position roof 

Wood,  under  iron 

Tile  (no  boards  tmdemeath) 

Cement  roof 


B.t.u. 
per  hour 


.26 

.15 

.26 


20 
.12 


.13 
.08 

.83 

.104 

.22 

.124 

.145 

.31 

.23 

.3 
.17 
1.25 
.6 


HEATING  AND  VENTILATION 


15X20X14  (high).    Areaofmndows4X(3X5)=60 

Area  of  walls  2(15+20)  X14 — 60-920  square  feet 
"      ■  floor  15X20-  300      "        " 

"      "  ceihtis  15X20-  300      " 
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B.(.»i.  lost  through  windowB-  60X1.1     i<(72°— 32°)-2.640 
«         ■  •       TOlls       -fl20X  .27  X(72"— 32°)-9,936 

'         '  ■       floor       -300X  .124X(72'— 32'')-1.488 

■         ■  ■       criling    -300X  .145X(72°-~32°)-I,740     . 

Total  loss  of  heat  per  hour,  normal  conditions  l&SMB.t.u. 

This  loss  is  increased:  30  %  by  northern  and  western  exposure;  6}{  "/ 
toe  h^h  ceiling,  that  is,  total  loss  of  heat  per  hour  under  the  special  con 
dition  is: 

18 ,801 X 1 .366  =21,573  B.t.u. 


Estimating  Radiation. — ^Repeated  tests  have  shown  that 
the  amount  of  heat  given  off  by  ordinary  cast  iron  radiators  per 
square  foot  of  heating  surface  per  hour  per  degree  difference  in 
temperature  between  the  steam  or  water  in  the  radiator  and  the 
air  surrotmding  same  to  be  about  1.6  B.l.u.    Taking  this  as  a 
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basis  a  steam  radiator  under  5  lbs.  pressure,  corresponding  to 
228°,  which  is  surrounded  by  air  at  70°,  will  give  ofiE 

.(228°— 70°)Xl.6-253J?X«. 
commonly  taken  as 

*250  B^M, 


pR).  S.US. — Bbhop-Bftbcodc- Becker  hydraulic  vacuuniDHinp  snd  equipment,  Thm  parte 
or*:  A.  Kputtor.  B,  etraincf;  C,  vacuum  controller:  D^utonutic  cut-oS;  &,  vacuum  ad- 
jprtins  screw;  F,  mxa  inlet  pipe;  G,  air  luctkia  pipe;  H.  water  outlet  pipe;  I,  air  outleti 
J,  bracket:  K,  check  valve;  L,  check  valvei  M.  lepantor  drain;  N,  motive  cylinder;  O.  air 
cylinder,  F,  tfobe  valveiO,  abelC;  R,  vacuum  (nuge;  S,  separator  clean  out;  T,  globe  valve; 
if,  mter  ahut-off  cock:  V,  oilcupacrew;  W,  luer  to  ilr  main;  X,  water  pieatun  tesulatof 
No.  Se7i  Y,  mteritismer  No.  3239;  Z,  tJobe  valve. 

per  sq.  ft.  of  heating  surface  per  hour. 

With  hot  water  at  an  average  temperature  of  160°,  the  heat 
given  off  is 
(160— 70)X1.6-1445.*.«. 

'NOTE. — The  Author  hopei  the  size  of  type  here  used  will  cauw  the  reader  to  remember 
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FRACTIONAL 
CONTROL  VALVE 


TRA9^ 


JE 


ft 

u 


TRAP 


u 


TEAM 
U     P     P     L    r 
MAIN 


WET   RETURN 


Pig.  5,460. — Bishop-Babcock-Becker  return  line  vacuum  heating  with  electric  air  pump. 
Ezpansioa  tank  E,  is  connected  td  wet  return  line,  before  it  enters  strainer.  A  globe  valve 
B ,  should  be  placed  on  wet  return  line  before  it  reaches  expansion  tank  connection,  so  vacuum 
pump,  etc.,  can  be  valved  off  for  testing.  Vacutun  controller  P,  is  connected  to  expansion 
tank,  and  automatic  electric  switch  P,  wired  to  motor  and  to  ftxse  box.  Vacutmi  gauge  G, 
is  installed  on  expansion  tank.  Strainer  H,  is  connected  to  wet  return  line  and  to  vacuum 
pump.    A  globe  valve 
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commonly  taken  as  150£./.u.  per  sq.  ft.  of  heating  surface  per 
hour. 

In  a  smiilar  manner  the  heat  given  off  by  radiators  working  at 
other  temperatures  may  be  determined.  The  following  table 
gives  values  for  the  various  systems  when  the  air  is  at  70**  Pahr. 

Heat  Given  Off  by  Radiators 


System 

Working 
pressure 

Temperature 
degrees 

B./.tt. 

per  square  foot 

per  hour 

Steam  (low  pressure) 

**      (atmospheric) 

"      (so  called  vapor) 

*      (vac^ium) 

6  lbs.   gauge 
0  lbs.       « 
6  in.   vacuum 

10    « 

15    « 

20    **          ** 

228 
212 
203 
192 
179 
-  IW 
160 

250 

227 
213 
195 

«             «  . 

174 

Water : .....].. 

146 
150 

Fig.  5.460.^'7ext  tfcmfo'nweti. 

A.  is  placed  on  line  between  strainer  and  ^ump,  so  ptimp  can  be.  valved  off  when  necessary. 
Toe  strained:  ha9  a  l^obe  yalvie  C,  on  the  drain,  and  this  drain  ]&  inped  to  open  sewer.  Auto- 
matic air  separatix^  tank  L.  is  connected  to  air  pump,  and  to  boiler.  The  back  pressure 
valve  J,  furnished  is  installed  on  line  between  the  separating  tank  and  boiler.  The  air  vent 
K,  may  be  piped  to  chimney  or  outside,  if  desired.  All  connections  should  he  made  perfectly 
ItcAX.  The  sjrstem  should  be  thoroughly  tested  and  deaned,  before  being  put  in  operation. 
Before  operating,  fully  open  globe  valves  A.  and  B,  and  close  valve  C.  The  air  pump  is 
started,  as  soon  as  fire  under  boiler  is  lighted,  and  immediately  draws  air  from  the  systena. 
The  immp  discharges  the  air  into  automatic  air  separating  tank,  and  it  passes  out  of  the  air 
vent.  The  pomp  will  continue  to  operate  until  the  desired  vacuum  is  created  in  system, 
and  then  j;t  is  automatically  stopped  by  means  of  the  automatic  electric  switch  and  vacuum 
controller;  This  is  itsually  set  to  stop  pump  when  7  inches  of  vacuum  has  been  created ,  and 
start  it  agSM  when  vaeuum  drops  to  6  inches.  When  steam  reaches  the  traps  these  thermal 
members  expand  thus  preventmg  steam  passing  into  the  return  line  temperature.  It  is 
^uiddy  pulled  into  the  radiators ,  so  rapid  heating  is  assured  throughout  entire  system .  The 
instant  steam  reaches  the  traps  their  thermal  members  expand  closing  traps,  so  steam  cannot 
pass  into  return  line.  When  steam  condenses  in  radiators,  condensation  at  100  to  198 
di^Tees  cools  tiie  thermal  members,  caiisitijBr  them  to  cotxtra<t.  This  opens  traps,  and  all 
condensation  and  air  passes  out  quickly,  after  which  steam  following  agsm  expands  thermal 
membeis  cloaing  the  traps  until  more  condensation  accumulates.  ,Tne  condensation  and 
air  after  passing  out  of  xadiators  is  drawn  out  of  returnpiping  (assisted  by  vacuum  in  ex- 
pansion ti^)  through  strainer,  into  vacutun  pump.  The  pump  forces  condensation  and 
air  into  automatic  air  separating^  tank,  and  when  this  tank  is  t\il\  of  condensation,  and  con- 
tains a  greater  pressure  than  bc^r,  the  back  pressure  valve  opens  automatically,  allowing 
condensation  to  pass  mto  boiler.  The  air  escapes  through  air  vent  in  separating  tank,  in 
manner  already  oescribed.  As  condensation  never  remains  in  system,  there  can  be  no  ham- 
mering or  banging  noises,  and  no  danger  of  freezing.  Thepart9  are;  A,  globe  valve;  B, 
fl^obe  valve;  C,  gk>be  valve;  D,  electric  air  pump^fT,  expansion  tank;  P,  automatic  electric 
switch  and  vacuum  controller^  G,  vacuum  gauge;  H.  strainer;  J,  back  pressure  valve;  K,  air 
vent;  L.  automatic  air  separating  tank;  M ,  compound  gauge. 
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The  values  350  and  190  for  low  pressttrg  steam  and  hot  water 
respectively  although  only  approximate,  are  standard  values  jor 
ordinary  calculations. 

Example. — How  many  sq.  ft.  of  radiator  surface  are  required  to  heat 
the  room  in  the  previous  example  for  low  pressure  steam  and  hot 
vater  radiators 

Total  heat  loss  per  hour  is  22.293  BJ.u. 

For    steam 
'    hot  water  ' 


Pio.  E,4B1. — Heat  Iohm  due  to  expoBed  Soan.  ceUingi  ftnd  wftUa. 

Miscellaneous  Rules. — ^There  are  any  number  of  so  called 
"rules"  for  qidck  and  approximate  calculation  and  they  should 
be  considered  only  as  such  in  using  them.  The  following  are  for 
figuring  direct  radiation  based  on  wall  and  glass  exposures:  - 

John  H.  Mills:  One  square  foot  of  radiatii^  surface  i<x  each  two  square 
feet  ot  glass,  and  for  each  twen^  square  feet  of  outnd«  wall,  and  every 
two  hundred  cubic  feet  of  space. 
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Bjample; 

Qiois  esposure,  square  feet,        60;  (1  to     2)  •■30 
WaU  outside,  square  feet,         210;  (1  to   20)  =-10^ 
Cubical  contents,  cubic  feet,  2,010;  (1  to  200)  -10 


Total  60H  sq-  ft.  st«Bro. 


Professor  R.  C.  Carpenter,  Cornell  University:  To  the  square  feet  of 
^ass  surface,  add  one  quarter  of  the  exposed  irajl  aui&ce,  and  ^  to  A 
of  cubical  contents.    (.-^  for  rooms  on  upper  floors,  A  ^  rooms  on  &^ 


Pios.  G,4S2  ud  5,1S3. — Wrong  nod  right  wsr  to  install  ndiator  aaixt  seat. 

floor,  and  A  for  large  halls);  then  for  steam  multiply  by  .25,  and  for  water 
by  io. 
Ex*m^le. — Room  as  above. 

Glass  esposure,  60  square  feet,  to  which  add  oae-qtiarter  of  wall  2lO+i 
—63,  to  Trtiich  add  (room  first  floor)  A  cubical  contents — AX2,016 
-73.  lluis  60XS3X73-186X.26  (for  steam)-47  square  feet;  or,  186 
X-40  (for  water) -74  square  feet. 
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Mott  Iron  Works. — ^While  the  radiating  surface  which  will  be  required 
in  any  room  largely  depends  upon  the  proportion  of  exposed  waU  and 
glass  surface,  there  must,  however,  be  some  relation  to  the  cubical  content 
of  same.  Hence,  as  the  simplest  and  most  readily  comprehended  rule  of 
apportioning  radiation  the  following  table  is  given  as  representing  the  expe- 
rience of  the  best  heating  engineers: 

Radiation  Tables 

(For  steam  and  hot  wateii) 


Dwellings 


Living  rooms,  one  side  exposed 

"  **      two  sides     *      

«  **      three  *         "      

Sleeping    **       

Halls  and  bath  rooms 

Public  Buildings 

Offices 

Schools 

Factories  and  stores « 

Assembly  halls  and  chtirches 


Cu. 

ft.  of 

Cu. 

ft.  of 

space  usmg 

space  usmg 

steam 

hot  water 

50  to  55 

25  to  30 

45 

«  50 

20 

«  25 

40 

«  45 

15 

«  20 

50 

«  70 

30 

«  35 

40 

«  50 

20 

«  30 

50 

«  25 

30 

«  40 

40 

«  60 

20 

«  30 

70 

«  100 

40 

«  60 

100 

«  150 

60 

«  80 

For  direct-indirect  steam  radiation,  add  25%,  and  for  indirect,  60%, 
to  the  amount  of  direct  surface  to  secure  equal  value  of  heating  surface. 

For  direct-indirect  water  radiation,  add  ZS}4%,  and  for  indirect,  76%, 
to  the  amount  of  direct  surface  to  secure  equal  value  of  heating  surface. 

Allowances  should  be  made  for  extraordinary  conditions  such  as  character 
buildings,  location,  exposure,  and  quality  of  construction,  loose  windows 
and  doors  and  unusual  glass  exposure,  ana  the  necessary  lengths  of  distribu- 
ting mains. 

In  apportioning  the  amotmt  of  indirect  surface  to  be  used  in  connection 
with  a  heating  system,  it  should  be  remembered  that  this  maimer  of  heat- 
ing should  be  m  connection  with  some  system  of  ventilation,  and  therefore 


NOTE. — Tapping  radiatan,  Ste&m  or  vapor  is  lighter  than  air  or  water,  and^  there- 
fore, by  introducing  the  lighter  element,  steam,  at  the  top  of  a  radiator  and  removmg  the 
heavier  elements,  air  and  water,  from  the  bottom,  the  laws  of  nature  are  followed,  and  accele- 
rated circulation  results.  Radiator  valves  are  easier  to  get  at,  when  at  the  top  of  a  radiator, 
abo.  Tapping  the  supply  and  return  at  one- end  facilitates  the  removal  of  a  radiator  or  in- 
creasing its  size,  if  building  changes  make  it  necessary,  by  adding  sections  to  the  opposite  end 
without  disturbing  ^ipe  connections.  Bear  in  mind  that  the  efficiency  of  the  radiating  surface 
determines  the  tapping,  and  not  the  size  or  surface  alone.  Pipe  coils  require  special  considera- 
tion to  secure  adequate  steam  supply.  The  supply  connections  must  also  be  arranged  to  give 
each  pipe  its  proper  sui>ply  of  steam.  Failure  to  observe  certain  requirements  has  given  pipe 
coils  a  bad  reputation  as  radiators. 
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a  larger  volume  of  air  must  be  warmed  than  when  using  direct  radiation, 
and  jproportionately  with  the  system  of  ventilation.  In  buildings  with  a 
medium  provision  for  ventilation,  it  is  a  good  practice  to  add  75  per  cent 
to  that  which  wotdd  be  required  in  direct  surface  to  obtain  the  amount 
of  indirect  required. 

Indirect  Heating* — ^The  amount  of  heat  given  off  by  an 
indirect  radiator  depends  upon: 

FLOOR 

FLOOR  ■  ^— ^^=;r^  ^       FLOOR 


=L00R  I         Jt= 

1°^L 1^ 


ORIF^ 


STEAM  SUPPLY 


AIR  AND  WATER 
RETURN 

TURN  MAINS  OVER 
TO  WALL  AND 
DRIP  TO  FLOOR 


RUN  WET  RETURN 

BACK  ALONG  WALL 

OR  UNDER  FLOOR 

5WIN6  CHECK 


Pig.  6,468. — Correct  method  of  rising  to  a  higher  level  with  drip«  into  a  wet  return, 
"jtunp  ups"  allowed  without  dripping  as  shown. 

Pig.  5,469. — ^Improper  methods. 


No 


1.  The  difference  between  the  temperature  of  the  steam  or 
water  in  the  radiator  and  that  of  the  air. 

2.  The  velocity  of  the  air  passing  over  the  radiator. 
Undeir  ordinary  conditions,  the  indirect  radiator  will  give  oflf 

2  heat  units  per  hour  for  each  degree  difference  in  temperature 
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between  steam  or  water  and  the  air.  In  house  work  it  is  safe  to 
figxire  from  400  to  420B.t.u.  for  steajn  and  from  300  to  Z50B.t.u. 
for  water  per  square  foot  of  surface  per  hour.  In  school  house 
work,  owing  to  larger  volume  and  higher  velocity  of  the  air,  the 
efficiency  is  calculated  at  about  600  heat  units. 

Size  of  Mains. — ^The  steam  main  can  be  determined  by  taking 
the  total  amount  of  direct  radiation  to  which  add  26  per  cent  for 


PRePERRCO 


ACCEPTABLE 
ORIP 


\ 


*2   SIZE 
REDUCE 


UNAPPROVED 


Figs.  6,470  to  5,472.— Methods  o£  rising  with  laige  mains  to  upper  floors. 


REDUCING  ELL 
CLOSE  NIPPLE 
4-5*  ELL 


PIPE  CAP 
TAPPED  ECCENTRIC 


ECCENTRIC 
REDUCER 

i 


Oti 


l: 


Pigs.  6,473  to  6,476. — ^Thx«e  ways  of  reducing  eccentric.    Fig.  6,473,  iised  at  turns;  figs. 
6,474  and  6,476,  used  on  straight  runs. 

piping,  and  from  this  total  extract  the  square  root,  dividing  same 
by  10,  which  gives  the  size  of  main  to  ttse.  This  is  for  one  pipe 
work.  For  two  pipe  work,  one  size  less  is  sufficient,  and  the  return 
can  be  one  or  two  sizes  less  than  the  supply .  A  steam  main  should 
not  decrease  in  size  according  to  the  area  of  its  branches,  but  very 
much  slower. 
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Example. — ^Having  500  feet  of  direct  radiation  add  to  it  25  per  cent  or 
125,  which  equals  625.  The  sc^uare  root  of  this  is  25,  which  divided  by  10 
givte  2}^,  or  the  size  of  the  pipe.  For  handy  reference  and  practical  use 
the  following  table  can  be  used,  though  not  not  exactly  in  accord  with  the 
foregoing.* 

Size  of  Steam  Mains 


Radiation 

One-pipe  work 

Two-pipe  work 

125  square  feet 

IJ^inrh 

IJiXl     inch 

250      *        « 

2 

« 

IMXlJi    * 

400      «        • 

2H 

a 

2     X1J4    « 

650      «        « 

3 

a 

2\iX2^^    I 

900      «        • 

3H 

u 

3*  X2H    « 

1,250      *        « 

4 

a 

3J^X3 

1,600      *        • 

4H 

a 

4     X3}^    « 

2,050      «        • 

5 

a 

i^^^..    I 

2,500      «        « 

6 

u 

6     X4H    " 

3,600      «        • 

7 

u 

6     X5 

5,000      «        • 

8 

a 

7     X6 

6,500    ,«        « 

9 

u 

8     X6        « 

8,100      «        • 

XO 

a 

9    X6        ** 

Sizes  <^  Hot  Water  Mains 


Radiation 
75  to    125  square  feet 


175 
300 
475 
700 
950 
950  «  1,200 
1,200  « 1,575 
1,575  «  1,975 
«  2,375 
«  2,850 


125  « 
175  « 
300 
476 
700 


1,975 
2,375 


a 
u 
a 


a 
a 

u 
u 
u 
a 
a 
a 
a 
« 


Pipe 
lUinch 

2 

3 

4 

4H 
5 

6 


a 
a 
a 
« 
a 
a 
a 
tt 
« 


In  hot  water,  flow  mains  may  be  reduced  in  size  in  proportion  to  the 
branches  taken  off.  They  should,  however,  have  as  lai^^e  area  as  the  sum 
of  all  branches  beyond  that  point.  It  is  advisable  that  the  horizontal 
branches  be  one  size  larger  than  the  risers.  Returns  should  be  same  as 
flows. 


*  NOTE — ^As  recommended  by  the  WiUiam  Page  Boiler  Co.,  New  York. 
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Table  of  Mains  and  Bnmchw 


will  supply. . 


,  or  2,  2  in.  and  1, 1 

'ttia.   OT  1,  3     in.,  and  1,2  in.    or  3,2 

4  in.  and  1,  2}i  in.,  or  2,  3  in.  and  4,  2 

iin.  andl,  3     in.,  or   1,  4  in.  and  1,  2 

in.  and  1,  3     in.,  ot  1,  4^  in.  and  1,  2 

in.  and  1,  3      in.,  or  4,  3  in.    or  10,  2 

in.  and  1,4     in.,  or  3,  4  in.  and  1,2 

in.  and  1,  fi     in.,  or  0,  4  in.  and  S,  3 


Fm.  Sjm.—'Ongrtxa  itKiiriDg  oms  of  pi 


litfloorSJ 


Hi.' 


twwment  3>i'XI1H'  ner;  C,  1 
SM'XilW'  riier,  fa.  1«  floor  1: 


r,  B,  Irt  floor  S  in. 
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Rule. — The  pipe  must  contain  as  much  cross  sectional  area  in  sq. 
ins.  as  there  are  square  feet  of  glass  surface  plus  5  per  cent  of  outside  wcUl 
surface  plus  1  per  cent  of  cubical  contents  of  room. 

Example, — ^What  size  hot  air  pipe  is  required  for  a  room  10  feet  wide, 
12  feet  long,  9  feet  high,  with  two  sides  exposed  and  having  three  windows 
2  feet  6  indies  wide  and  6  feet  high: 


Room  10  feet  wide,  12  feet  long,  9  feet  high,  with  two  sides  ex 
having  three  windows  2  feet  6  inches  wide  and  6  feet  high: 

Glass  surface    2HX6X3  equals 45  sq.  ft. 

Wall  surface  10     X9       equals 00 

Wall  surface  12     X9       equals 108 

108 
Less  glass  surface 45        153  sq.  ft. 

CuUcat  contents  10X12X0  equals 1.080  cu.  ft. 

One  square  inch  for  each  foot  of  glass  surface ^ . . .  45  so.  ins. 

5  per  cent  of  exposed  wall  surface 8    '     * 

Ipercent  of  cubical  contents... 10    *     * 


posed  and 


Total 63    * 


« 


The  size  of  pipe  for  above  room  must  contain  63  square  inches,  therefore 
use  a  9  inch  round  pipe. 

For  second  story  rooms  use  same  rule  and  deduct  15  per  cent  from  pipe 
capacity. 

For  rooms  necessitating  long  runs  of  pipe  always  figure  a  pipe  one  inch 
larger  in  diameter. 

To  Find  Size  of  Hot  Air  Furnace. — ^The  capacity  of  hot  air 
furnaces  is  rated  in  terms  of  maximtmi  (cross  sectional)  area  of 
piping  in  inches  which  furnace  will  supply.  Accordingly,  to 
find  the  size  furnace  required  to  heat  a  residence  use  the  rule  just 
given  for  finding  the  diflEerent  sizes  of  pipes  necessary  to  heat 
the  rooms  and  the  stun  of  the  area  of  these  pipes  will  determine 
the  size  furnace  required. 

Example. — A  house  having  nine  rooms  requiring  the  following  size  pip«s: 

2 — 12-inch  equals 226  sq.  ins.  capacity 

3—10-  •         •     234    '     •  • 

3— .  0-  «         «     126    •     *  • 

3^8-"         ■     100*     *  « 


Total  capacity  of  pipes 686 


«     « 
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This  house  would  require  a  Eum&ce  having  a  pipe  capacity  of  at  least 
686  square  inches;  use  tlie  furnace  nearest  to  this  in  greater  capacity,  say 
700  square  inches. 

Ventilation. — ^The  respiration  of  one  adult  person  will  vitiate 
hourly  about  500  cu.  ft.  of  air,  to  which  should  be  added 
vitiation  from  other  sources,  such  as  moisture  from  the  body, 
methods  of  illtunination,  etc.,  making  a  requirement  of  about 


u  of  chimney,  ahowmg  veatilatinB  resi^t^r  and 
'CgistCT  Rt  bottom  and  steel  amoke  Etock  as  used 
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1,000  cubic  feet  per  hour  of  fresh  air  for  each  adult  person  in 
averse  living  rooms  and  places  of  assembly. 

The  atmosphere  of  rooms  is  changed  partly  by  diffusion,  but 
chiefly  and  effectively  by  positive  currents — ^the  supply  of  fresh 


Pra.  G.4S0.— Mueller  hot  air  furnace  initalUtion  ahowing  vent  Sue  and  fruh  air  duct.  Th* 
cold  air  near  the  floor  is  drawn  through  gnlles  at  bottom  of  heater  casing  into  the  ait  ch«tnben 
where  it  is  heated.  In  the  case  of  halls,  schools,  etc.,  at  night  and  in  fact  at  all  tLmea  pufHls 
are  not  asBembled  the  outer  sir  supply  should  be  shut  off  and  the  air  aupiily  talcen  entirely 
from  the  room,  thus  materially  saving  fuel 

air  through  roisters,  connecting  with  the  outside  and  becoming 
warmed  as  it  passes  over  and  through  the  intervening  radiators — 
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and  the  discharge  of  the  foul  air  into  flues  provided  for  It.  A 
common  and  most  effective  means  in  domestic  ventilation  is  the 
chimney,  through  an  open  fire  place,  or  a  special  flue  in  proximity 
to  it  is  rendered  most  effective  by  the  incident  heat  of  the  chim- 
ney. The  opening  to  this  flue  should  be  at  the  bottom,  practi- 
cally on  a  line  with  the  floor. 

The  fresh  air  from  the  outside  passes  through  registers  at  a 


Pis.  £.491  .—Method  ol 


r  duct  betwaan  jojsti 


1  ventilating  sbiitt. 


velocity  from  200  to  300  feet  per  minute.  The  clear  openings 
of  a  register  will  be  approximately  two-thirds  of  its  full  area; 
thus  a  12  by  15  register  would  have  an  available  area  of  120 
inches.  The  fresh,  warm  air,  passing  at  this  rate  per  minute, 
would  supply  from  10,000  to  15,000  cubic  feet  an  hour,  and  meet 
the  requirements  of  a  family  of  from  10  to  15  persons. 

The  requirements  of  Massachusetts  Laws  in.  the  ventilation  of  school 
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rooms,  is  30  cubic  feet  of  fresh  air  per  minute  for  each  pupil.  Thus,  the 
average  room  providing  for  50  pupils  would  require  1,500  cubic  feet  per 
minute,  or  90,000  cubic  feet  per  hour.  Contemplating  a  movement  of  the 
air  at  the  rate  of  5  feet  per  second,  and  suppljr  and  exhaust  registers — 2  by 
2}^  feet  each — or  an  area  of  5  square  feet  wiU  insure  the  desired  result. 

For  churches  and  general  assembly  halls,  the  requirement  is  15  cubic 
feet  per  minute  for  each  person. 


OVERFLOW  ON  ROOF 


,482. — Overfed  water  heating  system  for  green  house.  In  thi»  ayaietn  the  hottest  pipes 
being  in  the  most  exposed  portions  of  the  house,  the  cold  air  is,  which  finds  entrance  through 
or  around  the  ventilators  or  through  the  laps  in  the  glass,  tempered,  thus  tending  to  a  nearer 
uniform  heating  effect.  The  expansion  tank  is  placed  above  the  high  point  of  the  system, 
and  for  which  there  should  be  pitch  along  the  upper  pipes  and  returns  to  facilitate  circxilation 
and  allow  for  proper  drainage. 


Green  House  Heating. — In  heating  green  houses,  glass  or  its 
equivalent  is  the  only  factor  considered.  If  amount  of  glass  be 
not  known,  multiply  the  length  of  the  house  by  its  breadth  and 
add  3^  to  get  glass  surface;  J^  equals  the  ends  and  pitch  of  roof. 
Reduce  wall  surface  to  glass  equivalent  by  dividing  by  4  and 
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add  to  the  glass  surface.  The 
heating  surface  required  will  be 
found  by  dividing  this  total 
glass  equivalent  by  the  factors 
in  the  following  table  by  John 
J.  Hogan: 

This  table  is  computed  for  zero 
weather;  for  lower  temperatures  add 
1}^%  for  each  degree  below  zero, 
A  green  house  requiring  200  feet  of 
surface  at  zero  should  have  230 
square  feet  at  10°  below  zero. 


— Utulin 

Boot  be  to 

ombustion  ordioHrnv  en 
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a  rii^culou^y  s 


Hcatltii  Surface  Factors  for  Green  House  Jleatinft 


Temperature  of  water  in  heating  pipes 

Steam 

140° 

160° 

180° 

200° 

Three   lbs. 

in  house 

Square  feet  of  glass  and  its  equivalent  proportion  to 

one  square  foot  of  surface  in  heating  pipes  or  radiator. 

40° 

4.a3 

5.25 

6.66 

7.69 

8. 

6.66 

60= 

3.07 

3.92 

4.76 

5.71 

7. 

55° 

2.63 

4.16 

5. 

6.5 

60° 

2.19 

2.89 

3.63 

4.33 

6. 

65° 

3.22 

5.5 

70° 

1.58 

2.19 

2.81 

3.44 

5. 

76° 

1.37 

1,93 

2.5 

3.07 

4.5 

1.16 

1.63 

2.17 

2.73 

4. 

85° 

.99 

1.42 

1.92 

2.46 
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CHAPTER  84 


REFRIGERATION 


By  definition,  refrigeration  is  the  process  of  lowering  the 
temperature  of  a  body,  or  of  keeping  the  temperattire  below 
that  of  the  atmosphere.    Low  temperatures  may  be  produced: 

1.  By  transfer  of  heat  from  a  warm  to  a  cold  body, 


CXPAN3I0N  OFAIH 


COCO 


LOW 

PRtSSURC 

HIGH 
PRCSSURe 

Pigs.  5,485  and  6,486. — Methods  o£  refrigeration,  fig.  BAS&,  by  transfer  of  heat  from  a  warm 
to  a  cold  body;  fig.  5,486,  by  expansion  of  a  gas.  Fig.  5,485  shows  the  familiar  jnpcess 
which  takes  place  inside  an  ice  box,  and  fig.  5,486,  what  happens  when  the  valve  inside  is 
suddenly  removed  from  a  tire. 

As  for  instance  in  an  ice  box,  the  ice  will  absorb  an  amount  c^  heat 
from  the  warm  air  in  amount  equal  to  the  latent  heat  of  fusion  of  the  ice 
{142B,t,u.  per  lb.  of  ice),  when  the  ice  will  melt,  thus  cooling  the  air  and 
provisions  contained  in  the  ice  box. 

2.  By  expansion  of  a  gas. 

If  work  be  done  by  a  gas  tmder  pressure,  as  in  pushing  a  piston  by  expand- 
ing,  1^8  work  must  be  done  at  the  expense  of  the  energy  contained  in 
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the  gas,  and  the  temperature  of  the  gas  will  fall.  This  can  he  verified  by 
placing  the  hand  in  the  exhaust  from  an  engine  operating  on  compressed 
air  which  will  be  found  to  be  considerably  colder  than  the  surrounding  air. 
The  same  thing  is  illustrated  by  removing  the  valve  from  an  auto  or  bicyde 
tire  and  allowing  the  air  to  suddenly  enpand  by  escaping  into  the  atmos- 
phere, the  escaping  air  will  feel  cold  to  the  hand.  In  this  case  work  is  done 
by  the  ait  as  it  expartds  because  it  pushes  back  the  surrounding  atmosphra'e 
to  make  room  for  itself  against  an  absolute  pressure  of  14.7  lbs.  per  sq,  in., 
hence  the  temperature  of  the  air  is  lowered. 


3.  By  evaporation  of  liquids  having  low  boiling  points. 


& 


Pigs..  6,187  and  5.4B8,— Refrigeratioo 
a™  va™"™!!  liquid  thtough  i1 


When  a  liquid  evaporates  (that  is,  changes  from  a  liquid  to  a  gas),  it 
will  absorb  from  its  surroundings  an  amount  of  heat  equal  to  its  latent  heat 
of  vaporization,  commonly  called  simply  its  latent  heat.  During  this 
process  or  transfer  of  heat  by  change  of  state  of  the  water  to  gas,  its  tem- 
perature remains  constant,  but  the  temperature  of  the  surroundings  is 
lowered.  The  refrigerating  effect  or  amount  of  heat  which  may  be  trans- 
ferred in  this  way  is  considerable  as  compared  with  the  melting  of  ice  or 
expan^on  of  a  gas,  hence  it  is  the  method  generally  used.  Thus,  water, 
although  it  requires  only  180  B.tM-i  to  raise  its  temperature  from  the 


REFRIGERATION  3,013 


freezing  to  the  boiling  point,  will  absorb  970.4  B./.w.  (at  atmospheric  pres- 
sure), per  lb.  in  chaSiging  its  state  from  a  liquid  to  a  gas,  that  is,  in 
changing  from  water  to  steam. 

Since  nearly  all  systems  depend  upon  the  latent  heat  of  the  heat  absorbing 
medium  used  to  produce  the  refrigerating  effect,  it  is  therefore  necessary, 
in  order  to  get  a  dear  conception  of  refrigeration  principles,  to  properly 
understand  the  mdaning  of  the  term  latent  hecU»  This  is  expl^^  at 
length  in  other  volumes  of  this  series.* 

The  numerolus,  systems  of  refrigeration  may  be  classified 
according  to  several  points  of  view  as: 

1.  With  respect  to  the  heat  absorbing  medium  or  cooling 
agent  employed  as: . 

1.  Ammonia.  5.  Sulphuric  ether. 

2.  Carbonic  acid.  6.  Methylic  ether. 

3.  Sulphur  dioxide.  7.  Ethyl  chloride. 

4.  Pictet  fluid.  8.  Air. 

2.  With  respect  to  the  working  of  the  heat  absorbing  mediuno. 
or  cooling  agent  as: 

a.  Compression   |^ 
h.  Absorption 

3.  With  respect  to  the  manner  of  applying  the  refrigeration  as: 

a.  Direct  expansion. 

b.  So  called  mdirect  expansion  or  brine  circulating. 

c.  Semi-indirect  expansion  or  brine  congealing. 

d.  Cold  air. 

e.  Pipe  line. 

Ques.    What  two  systems  are  most  extensively  used  ? 

Ans.     The  ammonia  compression  system  and  the  ammonia 
absorption  system. 


♦NOTE.— See  Chapter  1,  Basic  Principles,  vol.  1;    Chapter  65,  "From  Ice  to  Steam," 
vol.  5. 
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Anunonla  Compression  System. — The  anhydrous  ammonia 
used  in  this  system  is,  in  its  natural  state,  at  atmospheric 
pressure  and  ordinary  temperature,  a  gas.     In  fig.  5,490,  the 

essential  elements  of  the  system  are:  1,  compressor;  2,  condenser; 
3,  receiver;  4,  expansion  valve,  and  5,  expansion  coils. 

In  operation  the  compressor  takes  the  ammonia  in  the  form 
of  gas  from  the  expansion  coils  and  compresses  this  gas  to  a  pres- 
sure of  about  150  to  170  lbs.  pressure  into  the  condenser, 
and  as  it  strikes  the  cool  surfaces  of  the  condenser,  cooled  by  cold 


Fm.  B.IBO. — Diosiam  iliowjng  tbe  HientUlii  of  a  mcdunic*!  eompmtton  i| 

v^ical  compreuor.    The  condnuer  Ihown  ii  of  the  atmoipheric  type,  and  the 


water  circulating  over  the  pipes  of  the  condenser,  the  gas  gives 
up  the  heat  which  it  absorbed  in  the  expansion  coils  and  that 
imparted  to  it  by  the  work  Ot  the  compressor  and  is  condensed, 
that  is,  becomes  a  liquid. 

The  liquid  ammonia  passes  from  the  condenser  to  the  receiver 
from  which-  it  is  admitted  into  the  expansion  coils  at  a  lower 
pressure  by  throttling  on  passing  through  the  expansion  valve. 
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snt;  capscilies  l,000to6.0501bs.    Comprator,  vertical 

r  nriion  BO  that  entire  char^  of  ammonia  can  be  pumped 
iaffcoi1a,or  vice  vena,  whea  it  is  desired  to  eKmtine  or 

j>.  side  of  tile  plant.     OU  tpmator,  horiiontal  type 

A  leading  from  compressDr  lo  remove  oil  from  l2ie  hot  dischjtrin 

a>ses  twfora  tiiey  pan  into  tbs  condenBer.  The  freeie  valve  at  the  bottom  of  separator  ii 
UMil  for  dnininff^  any  accumulated  oil  Condenttr,  double  pipe  type  altacbed  to  aide  of 
(neiiog  tank,  carting  water  entering  at  the  bottom  circulates  through  the  inner  pipes,  while 

IMSSes  as  a  liquid  to  the  receiver  below.  The  blow  off  valve  at  highest  point  permit*  Wowing 
off  any  non-coodansable  vapora  from  condenser.  Liquid  receivtr,  seen  below  condeneeiT 
it  ia  for  atoring  liquid  ammonia  from  condenser.  Frttxtng  tank  and  coitt  the  number  of 
carta  laBuchaa  to  perniit  slow  freezing.  Caila  are  in  loop  form,  made  from  one  piece  of  pipe. 
A  valve  is  provMea  to  blow  air,  oil  or  scale  from  the  coijs,  or  charging  the  syatera  with  Inuid 
aohydroua  ammnnia.  Brine  agitattirr  ia  of  bonaontal  type  and  usually  driven  by  link  belt 
chain  from  a  sprocket  on  compressor  shaft.     It  circulates  the  brine  lo  maintain  a  uniform 

N 0TB , — A riAinf roiu  ammonia.    Anhydrims    means  free  from  air.     Pure  anhydrous 

formed  into  a  liquid  stale,  just  as  ordinary  air  may  be  transformed  into  what  is  popularly 
known  ea  figuid  air.  The  change  from  the  Easeous  to  the  Ikiuid  atals  is  accomplished  by  the 
application  of  pressure  (aversge  under  good  operating  condrtiona  130  to  IBS  pounds  gauge). 
The  change  from  the  liquid  back  to  the  gaseous  state  is  accomplished  by  the  release  of  either 
all  or  most  of  the  preasuf* of  liquification  by  means  of  a  pressure  reducing  vslvefunder  operating 

when  changing  its  stale  f  roiB  a  liquid  to  a  gas,  has  the  inherent  propHty  of  producing  a  cooling 
efTect.Blmuar  to  the  cooling  effect  produced  by  ice  when  changing  its  stats  from  the  solid  to  the 
liquid  state.  For  every  pound  of  liquid  anhydrous  ammonia  that  changes  its  state  from  a 
Ikiuid  to  a  gas,  about  four  times  as  much  cooling  effect  ia  obtained  as  that  produced  by  the  melt- 
ing of  one  pound  of  ke.  Anhydrous  ammonia  isusually  sold  in  drumscontsiningfiOorlOOpoundL 
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The  reduction  of  pressure  in  passing  through  the  expansion  valve 
causes  the  liquid  ammonia  to  vaporize,  but  in  order  to  do  so  it 
must  be  supplied  with  a  certain  amount  of  heat  known  as  its 


Pigs.  5,403  and  5,494. — ^Radiating  discs,  showing  method  of  attachment  to  direct  expansion 
coils.    These  discs  are  placed  upon  the  pipes  to  increase  the  heat  conducting  surface. 


Pigs.  6^495  and  5,496.— Radiating  strips  attached  to  freezing  coils  sometimes  used  in  place  of 
the  discs  shown  m  figs.  5,493  and  5,494. 
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latent  heat  tA  vaporizatioii  or  simply  latent  heat.  This  heat  is 
absorbed  from  the  surrounding  substances  or  bodies,  thus  pro- 
dudng  the  le&igerating  effect  as  the  ammonia  is  evaporated  in  the 
expansion  coils.  After  passing  through  the  expanskm  coils,  the 
vapOTised  ammcmia  returns  to  the  compressor  to  be  recom- 
pressed,  thus  completing  the  process. 


Pm.  5 ,4OT.— <<t«nwtof  Bnd  cnoasctioni  to  ncciTer.     The  iKtoid  «Dten  the  TesemmlM 

thnwffli  tha  pipe  D  aad  eiEiaiuion  velvB  S ,  and  the  pun  vmpor  1 3  allowed  ta  esce:po  By  tnnfiB 
of  UM  valve  A,  into  the  lucticn  of  the  romiuwor.  When  cheipng  the  re^eneretor  the 
vilre  A.  u  doeed,  and  during  tlia  dlMilling  proceagthevalveB.il  doted.   C,  ua  bloimfi. 
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Ques.  What  name  is  given  to  this  form  of  compression 
system,  and  why? 

Ans.  It  is  called  the  direct  expansion  method  because  expan- 
sion takes  place  in  pipes  placed  in  direct  conaminication  with  the 
substances  to  be  cooled. 

Oues.    What  are  the  advantages  of  this  method  ? 


Ans.     Simplicity,   economy,    ease   of    operation,    and    com- 


Ques.    What  is  the  disadvantage  of  the  direct  expansion 
method? 
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brine  in  a  tank  as  shown  in  fig.  5,500.  The  brine,  cooled  to* 
a  low  temperature  by  the  ammonia  in  the  expansion  piping  or 
cooler,  is  pumped  through  cooling  coils  placed  in  the  refrigerator 
as  shown. 

Ques.    What  are  the  adyantages  of  the  brine  circulating, 
method  ? 

Ans.    Where  the  plant  is  designed  for  operation  by  day  only 

FROM  EXPANSION  VALVE. 
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Fig.  5,500.—- Blementaty  antmorda  eompr09^on  9yttm;  semi-indired^or  congtalinf  tank 
transmission,  Ab  shown  the  direct  expansion  pipinsr  is  located  in  the  tefrigerator  but  as  sub- 
mtnsod  in  a  tank  filled  with  brine,  this  heat  from  the  substances  in  the  lelrigeiator  is  trans- 
mitted to  the  expansionpipes  by  the  brine .  Here  there  is  no  forced  circulation  «a  in  the  brine 
circulating  method.  While  this  system  gives  some  reserve  capacity  the  ezpaiMton  ooQ  and 
tank  occupies  more  room  in  the  refrigerator  than  in  the  direct  expansion  method. 
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the  brine  tank  ie  made  suffictently  large  to  afEoid  storage  of  cold 
brine,  the  temperature  being  maintained  when  the  compressOT 
is  shut  down  by  continuing  the  circulation  with  the  pump.  It  is 
well  adapted  to  large  installations,  where  the  various  compart- 
ments to  be  cooled  are  widely  scattered. 


Pio.  a.SOl,— Method  f*  making  brio*.  Take  a  wal*r  tight  barrel  and  fit  t.  lalu  bottom  or 
woodsn  ■nting  bi  ihown.  A  nnsts  thickneu  of  burlaps  tbould  bo  stntchtid  hctoh  the  top 
of  the  (abe  bottom  and  taclcod  to  the  sides  of  baitsl.  The  outlet  pipe  for  the  brioe  should 
be  four  or  five  inches  below  the  top  of  the  barrel,  and  the  water  supplied  at  the  bottom  from  a 
convenient  hose  or  faucet.  The  supply  pipe  should  be  of  about  l)i  inch  diameter,  and  the  . 
outlet  pipe  about  IH  inch  uuide  diameter.  To  ntakm -briar,  fill  tils  bsiiel  above  tlia  false 
bottom  with  salt  and  turn  on  the  watei.  The  nit  wiU  dissolve  npidlr.  Bod  huhb  must  be 
■hoveled  in  on  tin.  The  banel  must  be  kept  full  of  aatt,  or  the  brine  wiU  not  ba  of  fall 
stmigth.  No  mrrlnt  ii  tucasary.  Keep  sldmminy  oS  all  mute  matter  lisidg  to  the 
top.  The  brine  outlet  (hould  be  provided  with  a  sttamel  of  sonie  land,  aomewhat  ai  shown 
la  tha  fisnn,  to  pnv«nt  chipa,  etc.,  running  out  with  the  brine.  The  brine  eamiat  be 
watched  too  dosen'.forit  win  cause  tmoUe  and  anaoyance  if  not  kq>t  at  theiirirtdeiiBit]'. 
Then iaamiideiaUT  loss  of  brine  from  evaporation  and  Isakan  dspendinf  upontbe  location 
tS  toe  brine  tanla,  and  the  ti^ttoesa  of  the  Btutfins  bcaes  on  tne  pump  roos.  Sucli  losses  as 
these  an  serious  at  times,  and  particulariy  when  the  engineer  omits  to  test  the  density  of  tbe 

«" 'pea  of  the  eipanrion  coil,  thtis  forming  an 


freeie  on  the^pea  of  the.eiiianrion  ci»l.  Urns  fwm^  ai 
coil,  and  the  marline  w^  nc 
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Ques.  Describe  the  semi-indirect  or  congealing  tank 
method. 

Ans.  In  this  method  the  expansion  coils  are  placed  in  the 
refrigerator  or  space  to  be  cooled,  and  instead  of  being  in  direct 
communication  with  the  substances  to  be  cooled,  are  submerged 
in  congealing  tanks  filled  with  brine. 

Ques.  Describe  the  cold  air  method  of  applying  the 
cold. 

Ans.  In  this  system  a  current  of  air  is  chilled  by  passing  over 
coils  of  pipe  cooled  directly  by  the  evaporating  refrigerant,  or  by 
brine ,  or  by  passing  it  through  a  spray  of  cold  brine .  This  chilled 
air  is  passed  into  the  room  to  be  refrigerated,  and  then  back  to  the 
cooling  coils,  thus  maintaining  a  continuous  circulation. 

Ques.  What  are  the  disadvantages  of  the  cold  air  sys- 
tem? 

Ans.  It  is  not  applicable  where  any  drying  of  the  goods  by  air 
currents  would  be  harmful.  A  serious  objection  to  its  adoption 
is  the  fire  risk — ^that  is,  the  spreading  of  fire  through  the  air 
passages. 

Ques.   For  what  conditions  is  the^cold  air  system  suited  ? 

Ans.  It  is  used  for«uch  service  as  chocolate  dipping  rooms, 
ice  cream  hardening,  fur  storage,  etc. 

Ques.    What  is  pipe  line  refrigeration  ? 

Ans.  The  production  of  cold  as  an  equivalent  for  ice  at 
places  remote  from  the  source  by  means  of  transmission  through 
wrought  iron  street  mains. 

Ques.  Describe  two  systems  of  pipe  line  refrigeration 
in  use. 

Ans.    For  short  distances  circulation  of  brine  is  used,  the  low 
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temperatures  being  produced  at  the  source;  for  long  distances 
anhydrous  ammonia  is  transmitted  through  the  pipe  and  passed 
through  expansion  coils  at  the  places  to  be  cooled. 


Fios.  S,EOS  mnd  J>,fl08.— Solid  ntoro  bend  with  flange 


onia  fittings.     Fig.  G.fiOt,  ( 


J 
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The  latter  method  is  in  successful  operation  over  lines  of  several  miles 
in  lengthy  and  refrigerators  along  its  course  are  cooled  as  effectively  as  in 
a  cold  storage  warehouse. 

Ques.  What  provision  must  be  made  on  brine  pipe  line 
installations  ? 

Ans.     The  pipes  must  be  thoroughly  insulated, 

This  is  done  by  putting  the  pipe  in  boxes  of  creosoted  plank  and  filling  in 

with  pitch  and  cork.  Among  the  objections 
to  the  brine  pipe  system  are:  1,  more  or  less 
loss  of  heat  from  the  brine  tank  however  care- 
fully insulated  it  ma^r  be;  2,  it  requires  con- 
siderable power  to  drive  the  brine,  sometimes 
a  distance  of  several  thousand  feet;  3,  the 
brine  mav  also  cause  in  the  course  of  time  a 
rusty  and  slimy  deposit  on  the  interior  of  the 
pipes,  which  makes  an  insulating  coating*r„4^.v 
a  loss  of  efficiency  possibly  as  hi^h  as  2oper 
cent.;  5,  corrosion  iTota  electrolysis  caused  1^^ 
galvanic  action.  '     ' 

Ques.      Name    two    methods    bf 
6LA5S      compressing. 

Ans.     Dry  cxnnpression  and  wet  com- 
pression. . 

Ques.    What  is  dry  compression? 

Ans.      Compression    in    a    cylinder 

Fig.  5,5X1. — Ammonia  gauge  with  i    j  i_  .         •      i     . 

glass  protected  by  a  tube  cut  out  COOleO.  Dy  a  Water  jacket, 
at  intervals  to  show  the  level  of 
the  liquid. 

Ques.    What  is  wet  compression  ? 

Ans.  In  this  method,  the  cylinder  is  not  jacketed,  but  a 
certain  amount  of  liquid  anhydrous  ammonia  is  allowed  to  enter 
the  cylinder  with  each}  stroke,  the  cylinder  walls  being  cooled 
by  its  evaporation. 

Ques.    What  is  the  objection  to  the  wet  system? 

Ans.     It  is  harder  on  packing,  as  there  are  few  soft  packings 
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that  will  stand  the  freezing  action  of  the  hquid  anhydrous 
ammonia  without  becoming  hard  and  causing  leaky  sttiffing 
hoxes. 


COMPRESSION  SYSTEM 
PARTS 


the  valves.  These  differences  are  due  to  attempts  to  reduce  clearance  and 
heating.  To  prevent  injury  because  of  the  practically  zero  clearance,  a 
ialse  head  is  provided  with  springs  to  hold  it  against  the  cylinder  end  in 


Pic.  S  J12. — York  mdowd  type  vertical  linsle  ictina  <Ii 
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rs  oil  is  used  in  the  cylinder  to  iill  the  clearance 


c.  5.513.— S, 

tl 

acting  FfLck  compre 

cylinder;  A' 

discharge  stop  valves 

valves:  M,  I 

n  diseharge  pipes;  ^ 
comoiessor  B  (lanre 

and  by  pass  valves  2  gn 

hen 

close  by  pass  valve  J 

cylinder  head 

i" 

ead  of  cylinfe  A. 

rating  cails  c 

presiuie  side:  Open 

thua  connect 

suction  of  cylinder 

uciionpipe.    Run  n, 

other  cyiind™ 

pass,  while  thB  other  e.pela  it  thmueh 
low  pre«au«  side.    When  the  machine 

bekipTciowc 

!Ofs,  showini  by  pass  system.  A.  B,  compreiBor 
B'.B'.  suction  stop  valves;  1,  2.  3.4.  S.  6.  by  pus 
,  S ,  main  suction  pipes;  7,  8,  9,  b/patipitwa.  Hu 
lachines) :    All  valves  closed.    Open  main  discharge 

ind  cylinder  head  may  be  removed.    After  replacing 


ipeUing  gas  by  opening  hy  pass  valves  2,  5 
lowly.  By  using  opposite  set  of  valves  the 
haust  the  gas  from  the  discharge  through  by 

ig  □□  regular  duty  the  by  pass  nilves  must 
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space  and  to  absorb  the  heat  of  compression,  although  this  method  is 
objectionable  in  that  the  oil  gets  into  the  condenser  and  expansion  coils, 
rendering  them  less  efficient  in  transmitting  heat.  The  engineer  should  be 
able  to  teU  whelJier  the  compressor  valves  are  working  properly  by  puttii^ 
his  hand  on  the  inlet  or  outlet  pipes. 

In  cjierating  a  compressor,  carry  as  high  suction  pressure  as  possible,  or 
such  that  the  boiling  point  of  the  ammonia  will  be  about  10'  Fahr.  below 
the  working  temperature. 

It  is  well  to  have  a  compressor  stuffing  box  in  two  parts  or  double  packed. 


Pios.  5J14  and  6,SI5. — Aeddont  lo  compTMSor  with  fined  heed,  »howing  neceoitr  ot 
head.  Aa  a/ioiDn  the  auction  valve  cap  and  nut  have  unKrewed.  allanioB  the  valvi 
into  the  cyliDder,  and,  being  caught  on  the  return  stroke  of  the  piston,  haacauBfld 


•.T  part  to  be  of  proper  proportion  to  hold  the  packing  against  the  loss 
onia  and  the  outer  of  only  slight  depth  to  retain  the  lubricating  oil 
within  the  annular  space  provided  between  the  two,  and  through  which  the 
rod  passes  in  its  travel. 

In  operation,  scale  and  grit  from  the  piping  may  pass  throurfi  the  valves, 
and  some  parts  are  caught  while  the  valves  are  closing.  The  constant 
hammering  of  these  small  particles  of  metal  or  sand  between  valve  and  seat 
make  both  very  rough,  so  that  they  cannot  close  tight. 
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a  Bhoutdem  and  work  free  -without 


If  the  ]ast  trace  of  the  liquid  ammonia  be  evaporated  before  the  vapors 
reach  the  compressor,  there  is  likely  to  be  consioerable  superheatioe,  that 
is,  the  temperature  of  the  vapor  enteriog  the  compressor  is  likely  to  be  sev- 
eral d^rees  h^her  than  that  shown  by  the  tables  to  correspond  to  the  back 
pressure  carried.  This  condition  results  in  a  considerable  loss  c£  eflu:iency 
and  should  not  be  allowed  to  continue. 


box  of ijiii—n  cyllBder.    It  U  dividsd  into  three  aectioni  by  a  up*' 

.._.       .-..    1      ,.        ....    ..■....,  J  ,jj^     AtA.andB.ire 

,_.    ad  to  ■  cavity  surrounduig 

Tha  on  li  diculated  throusli  this  asnular  cavity 


u  stuffina  box.  the  teakw*  of 

Six; 

■         ■'     n.      Hn— «-!■    fl. , ..u  ...   ,.i 

±  kn  extcof  that  the  I 


cycle,   /n  tA«  alnct*  oetAw  compraMor,  became  of  the  tow  weHun 

..  I..I 'BBUBoiiiapaatthapiatanTDdiieaailrpnvealad.    Tbereu. 

pacldng.  and  itihoutd.tlwTefon.iicit  benaalected.aathe 

. ISpouBdaiaquiteHiioiu.   /n a ilouM* octinf  cwnpraa- 

■tuffina  box  ia  nibjected  to  the  hi|^  prenure  m,  and,  thsitfoie,  nqoina  more  canfol 
—     " '*—  manataGtaTen  of  moden)  double  acting  compmaoia  have  unprored 


Where  low  temperatures  are  carried  the  return  gas  may  be  so  far  below 
32  degrees  Fahr,  that  the  same  rise  in  temperature  that  would  ordinarily 
completely  change  the  appearance  of  the  retiun  line  if  it  took  place  at  a 
hi^er  temperature  would  not  aSect  the  frosted  line  at  all,  as  far  as  out- 
ward appearances  are  concerned. 

The  frosting;  of  the  return  pipe  is  an  indication  that  the  ammonia  gas 
therein  is  takmg  up  heat  from  Uie  surrounding  atmosphere,  and  this  beat 
will  have  to  be  ^posed  of  in  the  ctmdenwr  wila.    If,  then,  a  certain  amount 
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of  the  heat  in  the  returning  ammonia  gas  have  its  origin  in  the  engine  room, 
where  its  absorption  is  manifested  by  frost  in  the  return  line  to  the  com- 
pressor, it  is  evident  that  the  frosting  of  the  line  costs  enengy  to  drive  the 
compressor  and  that  this  energy  costs  coal,  labor,  and,  mially,  money. 
The  return  lines  to  compressors,  shotdd  be  dOfectivdy  insulated  to  reduce 
this  loss. 

To  reduce  the  compression  temperature  in  a  dry  compressor  it  is  a 
common  practice  to  "carry  the  frost  back"  to  the  iiuet  valve  of  the  com- 
pressor, or  to  allow  it  to  extend  slightly  beyond  this.*  The  gas  in  such  a 
case  is  at  a  fairly  low  temperature  at  the  start  of  the  compression  stroke, 
and  will,  therefore,  not  heat. 


Pio.  5^17.-^Variou8  approved  packings  tised  for  ammonia;  any  of  them  may  be  employed 
independent^,  or  two  or  more  used  togjether.  It  is  difficult  to  recommend  any  special  form 
of  packing.  Some  engineers  will  pack  with  pure  rubber  rings  entirely.  Others  wilfuse  rubber 
and  ordinary  duck  expansion  packing  alternately.  Still  others  use  an  expansion  ring  and  a 
sectional  ring  so  as  to  secure  a  quick  adjustment.  A  great  many  use  a  diagonal  packing  with 
excellent  results.  A  skillful  engineer  will  iise  any  of  these  packings  with  suc<»ss.  The  great 
objection  to  many  of  them  is  that  the  loose  fibers,  which  become  detached  by  the  action  of 
the  rod  or  of  the  oil,  manage  to  get  into  the  oil  wells  or  small  pipes  through  which  the  oil 
passes,  and  clogging  them  up,  may  prevent  the  flow  of  oil  and  consequent  lubrication. 


The  condition  generally^  accepted  as  most  efficient  is  to  carry  the  frost 
back  to  the  inlet  valve  without  allowing  it  to  extend  beyond  the  same,  nor 
to  fall  back  to  any  great  extent. 

If  the  frost  be  carried  back  beyond  the  inlet  valve,  the  indications  are 
that  the  vapor  contains  a  considerable  amount  of  liquid  which  is  still  under 
the  process  of  vaporization.  The  percentage  of  this  liquid,  generally  con- 
sisting of  minute  drops,  may  be  so  great  that  its  vaporization  will  extend 
well  into  the  compression  stroke,  thus  having  the  same  effect  as  if  it  were 


*  NOTE. — ^If  the  return  gas  from  the  expansion  coils  be  allowed  to  reach  the  oompxessor 
at  or  sli^tly  below  freezing  temperature,  a  coating  of  frost  forms  on  the  pipe,  the  phenomenon 
beins  calkd  "carrying  thelrost  oack  to  the  compressor." 
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fiKKpaiiB.  Onhr  one  Bugle  acting  compressor  is  show; 
tUncbe  btokenltuiileBndit  be  unposdble  to  have  th 
udS.ibonldbaBhut.and  valve  D, opened.    Thiswil 


lied  with  that  in  tlw  low  Bide.  Then  close  the  by  pass  valve  l5.  and  open  the  cylinder  purga 
nilva  G,  which  will  allow  the  ammonia  remaining  in  the  cylinder  to  escape  to  the  atmoaphere. 
AsitilonlratthB  pressure  of  the  lov  aide  it  iviU  take  but  a  feTEeconds  to  blow  off.  When 
the  compr«aor  is  in  a  poorly  ventilated  room,  iho  purge  valve  G,  should  be  connected  ton 
piece  of  hose,  the  other  end  being  held  under  the  surface  of  the  water  in  the  cylinder  jadceM. 
The  hose  ehould  not  be  held  under  the  water  too  long  or  all  th«  amnmnia  will  be  abeorbed 
by  the_T 

If  the  ^ 


by  the  water;  this  will  leave  a  vacuum  in  the  compressor  eylinder,_and  the  water  will  be 

■»  turned  over,  the  quickest  way  to  pump  all  the  ammonia  out  of  the 

r  aivina  the  machine  a  few  turns  all  the  ammonia  will  be  pumped  out 

in  pipe  up  to  the  stop  valve  A,    Valve  D.  iathen 

... —  ....„  method  only  about  one-third  as  much 

.._    town  out.  as  there  is  only  the  email 

lowside,  thoenpansion  valvea  J,  J.Breelosedand  the  ammonia  pumped  up  to  the  high  side 
by  the  compresaor  in  regular  operation.  To  pump  an  air  pressureon  the  low  side  with  the 
ammania  in  the  high  ride,  valves  A,  C,  and  B,  are  closed  and  valve  D,  is  open.  The  dde 
bonnet  T,  or  other  flange!  are  opened  and  the  compressor  pumps  the  air  through  T.  into  the 
cylinder,  and  thence  through  by  pass  D.  into  the  low  iide.  To  pump  the  air  out  of  the  low 
ade  with  the  ammonia  itored  in  ^  high  aide,  valves  C.  D.  and  E.  are  closed  and  valves  A, 
and  G.  are  opened.    The  pumping  out  of  the  high  pressure  side  of  the  wv^ie^n,  including  the 


ipurgevalveG. opened.    Byusirjthii 
asCecl  as  when  the  whole  cylindetful  is 


REFRIGERATION  3,033 


injected,  namely,  taking  up  part  of  the  heat  of  compression  for  its  vaporiza- 
tion. The  action  of  the  compressor,  therefore,  approaches  that  ot  a  wet 
compressor. 

If  the  frost  be  carried  completely  over  the  cylinder  so  that  the  water 
jacket  has  a  layer  of  ice  on  its  surface,  it  can  be  assumed  that  a  portion  of 
liquid  ammonia  is  injected  on  each  stroke. 

Ammonia  Condenser. — Several  types  of  condenser  are  in  use:  1 ,  atmos- 
pheric; 2,  double  pipe;  and  3,  submerged.  The  form  most  desirable 
depends  upon  the  proposed  location  and  size. 

If  it  can  be  placed  on  the  roof  or  in  an  open  room,  the  open  air  condenser 
is  preferred  on  account  of  its  more  economical  use  of  water,  and  it  is  easy 
of  access  in  case  of  repairs. 

The  double  pipe  condenser  is  favored  where  water  is  to  be  used  over 
again  for  some  other  purpose  and  where  the  open  air  style  cannot  be  used 
on  account  of  building  construction.  This  stvle  is  made  with  one  pipe 
inside  of  another.  The  water  being  on  the  inside  of  the  inner  pipe  and  the 
ammonia  in  the  annular  space  between  the  pipes. 


Pig.  5.510 — Text  continued, 

condensers,  the  pressure  tank  and  the  liquid  tanlc,  is  a  slightly  more  complicated  affair  than 
that  of  the  loi^  pressure  side.  It  is  accomplished  by  means  of  a  i>air  of  by  passes  between 
the  main  suction  and  the  main  discharge  lines,  as  shown.  By  means  of  these  by  passes  the 
action  of  the  compressor  can  be  reversed,  so  that  the  suction  becomes  the  discharge  and  the 
dischat^fe  the  suction  line.  Oidinarily,  the  by  i>ass  valves  D,  and  E,  are  kept  closed,  and 
the  mam  line  valves  A,  and  C,  open,  so  that  the  gas  returning  to  the  machine  through  the 
main  suction  line  would  pass  through  tiie  main  suction  valve  A,  through  the  compressor  and 
out  the  main, discharge  line  through  main  discharge  valve  C.  ,  First  open  the  expansion 
valves  J,  J,  wide  open;  this  wiU  let  all  the  liquid  ammonia  run  into  the  low  pressure  coils. 
While  the  pressure  is  equalizing  in  the  high  and  low  sides  the  machine  valves  can  be  adjusted. 
All  the  cylinder  stop  valves,  as  A,  and  C,  are  closed.  The  by  pass  valves  D.  and  E.  are 
opened.  Reference  to  the  sketch  shows  that  there  is  a  clear  passage  from  the  discharge  side 
through  by  pass  £•  into  the  bottom  of  the  cylinder,  and  when  the  machine  is  in  operation, 
the  gas  is  discharged  through  by  pass  D ,  into  the  low  or  suction  side.  This  reverses  the  com  • 
pressor.  The  reason  for  equalizing  with  the  expansion  valves  J •  J«  instead  of  through  the  by 
passes,  is  to  get  all  the  liquid  ammonia  into  the  low  side  before  starting  to  pump  out.  When 
the  pressure  is  equal  on  the  gauges  H,  and  L,  shut  all  the  expansion  valves  j.  J., and  start  the 
compressor.  It  will  take  all  the  ammonia  out  of  the  high  side  and  discharpe  it  through  by 
pass  D.  into  the  low  side.  The  cold  parts  of  the  low  side,  such  as, the  ice  on  the  coils  and  the 
air  in  the  freezers,  will  act  as  a  condenser,  and  the  ammonia  will  liquefy  and  be  carried  away. 
If  there  be  not  an  overcharge  in  the  plant,  and  no  foul  gas,  the  pressure  in  the  low  side,  when 
it  contains  the  entire  charge  of  ammonia,  will  not  rise  above  that  pressure  due  to  the  tern- 
jwrature  of  thecoldest  part  of  the  low  side.  In  pumping  out  the  n^(h  pressure  or  discharge 
side,  the  machine  must  be  run  very  slowly,  in  order  to  give  the  gas  time  to  pass  through  the 
small  by  pass  lines.  In  this  operation  valves  D,  and  E,  are  open  and  valves  A,  and  C,  are 
dbsed,  so  that  the  suction  is  cut  off  at  A,  but  continues  through  valve  E,  to  the  former 
discharge  line  and  the  discharge  cut  off  at  C ,  continues  through  valve  D ,  to  the  former  suction 
line.  When  the  pressure  on  the  high  pressure  gauge  is  down  around  25  inches  of  vacuum 
the  machine  can  be  stopped  and  by  pass  valve  D,  closed,  to  keep,  the  pressure  of  the  low 
side  away  from  the  cylinder.  Then  close  valve  E,  and  give  the  discharge  stop  valve  C,  a 
turn  open.  When  the  small  amount  of  gas  at  back  pressure  that  is  above  the  discharge 
valves  has  run  back  into  the  vacuum  of  the  high  side,  the  stop  valve  C,  is  closed  and  a 
vacuum  is  formed  on  the  whole  of  the  compressor  cylinders,  and  they  can  be  opened  up 
without  any  fear  of  escaping  ammonia.  Next  to  the  compressors,  the  high  side  has  to  be 
opened  up  more  frequently  than  the  other  parts. 
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The  Toimd  coil  Bubmerged  condenser  is  used  with  small  machines,  or  where 
the  condenser  must  be  placed  in  a  closed  itxiin. 

The  economy  with  which  any  plant  may  be  operated  deftends  to  a  large 
extent  upon  the  condenser,  and  no  hann  is  done  by  having  it  a  little  lar^ 
than  is  a  Dsolutely  necessary .  Care  must  be  taken  to  have  the  water  flowing 
over  a  condenser  so  distributed  that  all  the  radiating  surface  pos^ble  wiU 
be  covcn^,  because  a  much  higher  efficiency  is  thus  obtained. 

A  careful  watch  for  leaks  should  be  maintained,  the  water  should  flow 
evenly,  covering  the  pipes  equally,  and  in  the  use  of  double  pipe  or  shell 
condensers  it  is  well  to  thoroi^hly  flush  the  water  pipes  occasionally  to 
remove  any  coating  or  obstruction  that  may  form  in  them. 


s  coBb  with  tiDagh  and  itriin  between  pipes  to  prevent 


Common  practice  amone  the  trade  has  established  a  rule,  that  is,  to 
allow  24  square  feet  of  crmdensing  surface  per  ton  of  refr^erating  capacity , 
irtien  operating  with  a  cooling  water  temperature  of  from  68'  to  70°  Pahr . , 
which  is  equivalent  to  approximately  38  lineal  feet  of  2  inch  pipe  per  ton 
o£  duty. 

The  amount  of  water  required  per  minute  per  ton  of  refrigeration  for 
atmospberic  condensers  is  approximately  J^  gallon  to  IH  gallons  for  tem- 
peratures ranging  from  50°  to  80°  Fahr.  when  the  water  leaves  the  con- 
denser at  9S°. 
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The  engineer  can  tell  when  it  is  necessary  to  ii 
charge  fay  watching  the  condenser  pressure:  a  reduction  of  10  or  15  pounds, 
while  the  suction  and  condenser  exit  pressure  remained  the  same,  would 
show  the  necessity  for  making  up  a  leakage  loss. 

The  lower  the  pressure  and  temperature  in  the  condenser  coils  and  the 
hq[her  the  temperature  and  pressure  in  the  expanding  coils  (the  back 
pressure),  the  more  efficient  is  the  working  of  the  machine. 

Although  it  is  not  generally  considered  the  best  practice,  the  lower 
'  '"—  ""e  sometunes  used  to  store  the  hquid  ammonia,  thus 


l>^ 


Pig.  5.532.'— ACnioflpheric  ammonia  condeiuer  trough. 
Ths  Hiw  tooth  edge  of  the  metaJ  diatnbatea  the  ntor 
evenly  alons  tho  pipe  and  preveat*  tplatCerios. 


staod  with  dripping  trough. 


ehminating  the  ammonia  receiver  from  the  system  the  ammonia   being 
drawn  directly  from  the  condenser  coils  and  passed  through  the  expansion 

"c  should  be  taken  to  prevent 


In  setting  up  a  condenser  for 
•  charge  to  the  compressor,  as  wi 
have  valves  placed  in  them.    In  this 


the  branch  pipes  from  the  dis- 
from  the  liquid  retiun  pipe,  should 
...™  :*.j.ir.„* —  any  stack  of 


coil  in  the  condenser,  it  is  an  easy  matter  and  takes  but  little  time 
pump  down  and  cut  out  the  defective  stack,  and  then  go  on  with  1 
operation  of  the  plant  while  repairs  are  being  made. 
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.-  Fro.  a,52S.— Frtd 


■rilltr  oparaUnr  f rulruc- 


[Mtsnnr^    Before  IL 
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F[C.  5^26.— Filter  operating  InMtnutlonm.     2.  Oil  trap  and  liqttid  recmir.  ihowiiu-  con- 

»ind  run  the  machine  untiE  the  auction  pressure  ^auge  shows  about  5  pounds  back  pressr  " 
in  onlcr  to  brins  the  ammonia  rbb  frem  the  expansion  coils  into  the  condenKr  and  lioi 
-      "'louH-     •  -  ■        ^  ' ■--    .    -     -    -  ..     "* 


as  much  as  may  be  necessar/.    After  the  pressure  b  down  to  the  desin 
discbarge  valve  Q,     To  drain  oil  trap,  open  valvaC.oo  oil  tnpO,aad 


and  aflerwari'j 


REFRIGERATION  3,036 


Pig.  5,526. — Text  continued, 

a  poundlns  noise),  slow  down  the  engine  quicldy  and  run  it  very  tSixmiy  until-the  liquid 
shall  have  left  the  compressor  and  the  pounding  ceases.  This  operation  will  be  unnecessary 
if  the  suction  stop  valve  is  opened^very  carefully.  When  the  suction  valve  P>  is  wide  open 
pump  out  the  system  to  about  5  or  10  pounds  suction  pressure,  then  open  the  throttle  valve 
and  allow  tJie  machine  to  run  to  i|>eed.  Now  open  the  main  liquid  valve  A,  from  the  receiver 
(fig.  5.526),  and  when  the  liquid  is  up  to  the  feed  cocks  regulate  these,  if  necessary,  to  give 
the  proi)er  back  pressure,  which  may  be  indicated  anywhere  between  15  and  25  pounds  oh 
the  suction  pressure  gauge,  depending  more  or  less  upon  the  freezing  back  to  the  compressor. 
Judgment  snotild  be^  exercised  in  regulating  the  back  pressure.  It  should  be  so  regulated 
that  the  discharge  pipe  from  the  compressor  will  be  warm,  but  not  hot  enough  to  bum  the 
hands.  When  running  warm,  the  compressor  works  to  better  advantage  and  the  packing 
will  give  much  better  service  than  when  running  cold.  It  will  be  found  that  oil  will  not  work 
from  the  stuffing  box  into  the  compressor  as  freely  when  running  warm,  and  also  tha,t  the  oil 
will  separate  in  the  oil  trai>  O,  much  more  rapidly  than  when  running  cold,  as  the  gas  will  not 
liquify  and  settle  in  the  oil  trap,  where  it  can  not  perform  its  functions.  Excess  oil  in  the 
system  is  a  condition  to  be  particularly  avoided. 

Fig.  5,526.^r«x/  continued. 

20  to  30  minutes,  then  close  it.  Open  valve  D,  slightly,  using  it  practically  as  a  feed  cock. 
Pipe  £,  which  connects  with  the  main  suction  pipe,  will  become  frosted,  and  as  soon  as  it 
loses  this  frost  wilt  indicate  that  the  ammonia  has  left  the  horizontal  oil  drum  under  the 
oil  trap  and  receiver.  Close  valve  D ,  and  allow  about  20  minutes  for  the  oil  to  settle.  Then 
open  valve  P,  and  drain  the  oil  into  a  bucket  under  suction  pressure.  It  is  well  to  do  this 
when  ptuxiping  out,  aa at  that  time  there  will  be  less  pressure  on  the  horizontal  oil  drum,  and 
consequently  less  waste  of  ammonia.  The  oil  drawn  from  the  oil  drum  may  be  filtered  and 
used  again.  To  drain  oil  from  liquid  receiver  (fig.  5,526) ,  oil  may  also  accumulate  in  the 
lower  end  of  the  liquid  receiver  L.     This  oil  can  be  drained  into  the  horizontal  oil  drum  by 

-  opeAii^^  valve  G.  Leave  this  open  from  20  to  30  minutes,  then  close  it,  and  ft^ain  feed  the 
ammonia  into  the  main  suction  pipe, -as "directed  before,  by  opening  valve  D,  slightly  and 
freezing  through  pipe  E.  The  presence  of  oil  in  the  liquid  receiver  will  be  indicated  by  its 
appearance  in  the  gauge  glass,  when  gauge,  cocks  are  opened,  and  upon  such  appearance 
should  be  drained  from  receiver.^  To  charge  ammonia,  block  up  the  back  end  of  the  drum 
of  liquid  ammonia  so  that  the  liquid  will  drain  toward  the  front  or  valve  end  of  the  drum. 
The  cock  on  the  drum  must  be  right  side  up.  Connect  the  charaing  pipe  to  the  drum  and 
to  the  charging  valve  H,  on  the  liquid  line  next  to  the  receiver.     Close  the  main  liquid  valve 

'  A,  and  pump  the  suction  pressure  down  until  the  low  pressure  gauge  indicates  zero  (O''). 
Then  open  valve  H,  wide  and  regulate  the  cock  on  the  ammonia  drum  to  operate  at  about  15 
to  20  pounds  suction  pressure.  Keep  the  machine  running  until  a  vacuum  shows  on  the  low 
pressure  ^uge.  The  compressor  discharge  pipe  will  become  hot  by  running  at  speed,  so 
the  machme  must  be  slowed  down  until  a  vacuum  is  shown,  the  vacuum  giving  assurance 
that  all  of  the  liquid  in  the  drum  has  evaporated.  To  facilitate  removing  the  last  of  the 
liquid  from  the  drum,  warm  the  latter  with  a  blow  torch  or  hot  water.  Keep  the  machine 
running  slowly  until  all  the  frost  has  thawed  from  valve  H.  To  charge  another  drum,  lii^st 
close  valve  H,  then  the  cock  on  the  ammonia  drum.  ^  Break  the  joints  on  the  charging  pipe 
very  carefully,  as  some  ammonia  may  remain  in  this  pipe.  Attach  the  new  drum,  open 
valve  H,  and  the  valve  on  the  drum,  and  proceed  as  oefore.  After  all  drums  have  been 
charged ,  valve  H ,  closed ,  and  the  last  drum  disconnected,  open  valve  A,  speed  up  the  machine 
and  you  will  again  be  running  on  the  system.  During  the  charging  process  allow  the  water 
to  run  as  freely  over  the  condenser  as  when  running  regularly.  Always  weigh  ammonia 
cylinders  before  and  after  charging,  and  see  that  the  weights  correspond  with  those  on  the 
tags  attached  to  the  drums.  Gauge  glaeaee.  The  upper  and  lower  gauge  cocks — on  both 
oil  trap  p,  and  liquid  receiver  L,  should  always  be  shut  off » and  should  be  opened  only  when 
the  liquid  or  oil  level  in  either  reservoir  is  to  be  ascertained.  The  receiver  gauge  glass  should 
indicate  at  least  one  foot  of  liquid  in  the  receiver  to  give  assurance  that  the  system  is  working 
with  a  full  charge  of  ammonia.  ^  Scale  trap.  It  is  impossible  to  manufacture  pipe  without 
scale  and  no  amount  of  hammering  or  mechanical  cleaning  will  remove  all  of  it  from  the  in- 
idde  surfaces.  In  the  course  of  time  this  scale  frees  itself  and  works  its  way  through  the 
pipes  towards  the  compressor.  To  prevent  the  scale  from  passing  into  the  compressor  cylin- 
der, a  scale  trap  T,  is  placed  in  the  main  suction  line,  which  catches  and  retains  all  scale  or 
dirt  passing  through  the  suction  pipe.  After  the  machine  has  been  in  operation  for  some 
time,  the  scale  trap  should  be  opened  up  and  the  scale  removed.  .  To  do  this  pump  out  the 
compressor  as  explained  above  and  remove  hand  hole  cover  Ti,  after  which  the  4^Tt  caught 
in  the  screen  may  be  scraped  out.  After  cleaning  thoroughly,  replace  the  hand  hole  C9ver 
Ti .     The  scale  trap  should  be  examined  and  cleaned  out  at  least  once  ever y  season . 
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Pig.  fi,S27    Vttter  operating  Iratructtoia.      A.  SimJard  two  c 

umdtHstr.     (Chan    charging  ainmonfa.  or  apeniog  a  vulva  in  . .        

nitutBlly  eet  into  ths  >y>t«m.  An  accumulglian  ot  thi«  lir  will  cbuib  high  condcnsins  prei- 
■UR,  and  the  air  should  thenfon  be  remnved  ai  looa  ai  poisibla.  If  the  h[gh  pmaura  gauge 
aonaaUy  regiitu  about  ISO  [»und>.  snd  this  preuure  should  rise  to  t«0  oi  170  pounds 
irithout  appanut  csuk,  the  indications  are  that  air  i>  present.     To  purgt  this  air  trom  the 

I,  at  ths  top  of  the  condenser.  Attach  a  piece  of  pipe  to  the  bla»-o9  valve  and  lead  it  down 
into  B  bucket  filled  with  water.  Shut  down  the  nuchine  for  at  least  half  an  hour,  keepinB 
the  water  Tunning  freely  over  the  ammonia  condenser  to  liquify  the  ammonia  eta  in  ttag  con- 
denser and  allow  the  air  to  rise.  Open  air  blow  oS  valve  slowly,  allcwing  the  air  to  blow 
into  the  water  in  the  bucket.  Aa  long  as  air  alone  is  escaping,  thsair  bublei  cominsto  ths 
nrfaa  erf  the  water  will  indicate  the  fact,  but  aa  soon  as  ammonia  begins  to  escapea  crackling 

the  air  is  out  of  the  syitem.  To  pump  out  (figs.  5.S2S  and  5.S27>.  First  shut  down  the 
machine  and  close  valve  V,  at  the  bottom  of  Che  condentei.    Then  close  suction  slop  valvo 

S'andy.      Thit  will  reverse' the  action  ot  the  main  auction  and  discharge  pipes  and  the 

AS  directed,  start  up  the  machine  and  ntn  it  ttry  slowiy,  as  the  compressor  must  diacbarga 

through  the  small  by  pass  connection.    Sloic  jpttd  is  absoinUty  nt -_j-l_ l- 

■bould  not  be  run  faster  than  the  speed  required  to  carry  the  molioi 

tiooe  to  run  until  a  vacuum  is  shown  by  the  high  preuure  gauge,  which  indicalea  that  the 

condenserisproperly  pumped  out.  thenshutdovntheniachine.    I' 

condenser  shall  have  been  opened,  the  entire  coil  will  be  filled  with  air  that  must  be  pumped 

out  before  regular  operation  is  resumed.     After  the  joints  are  again  closed  on  the  condenser' 

close  valve  S,  then  remove  blank  flange  Y,  and  run  a  pipe  or  hose  connection  from  valve  Z. 

to  the  open  air.    Open  valve  Z,  and  the  discharge  will  go  out  through  this  c 

denier  will  then  be  free  from  air.    Now  thuX  down  the  machine,  close  valve  Z,  Tt^ 
Bnage  Y,  close  valve  W.  and  open  valve  0.  and  valve  V,  at  the  bottom  of  condensi 
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waling  htmfruetlon*.    i.  Comtrtssor  valiea  (flgs.  B.SSB, 

"      '         ■  bIvb  P,  Bnd  BllowthB  eompiessorto 

Ctoao  discluiBe  vslvs  Q,  remova 

•■directed  bet««.    OoenvslveZ, 

, r 1 —emovo -valvo  cap  L,  or  M,  tolmout 

in  valve  nnt  N,  Qiucmr  the  VftlvBiiut  and  the  entire  valve  nuf  be  Temoved  for 
uiauE>:ui>u.  AftCT  &  iiucluna bM  besa  in  operation  tor  Kuna  time,  it  is  adviuble  to  remove 
and  examine  all  of  the  comnreaeor  Valve*,  to  nulce  rare  that  ther  are  openling  properir 
and  ate  in  good  worldns  ordio'.  Ahrars  bur  in  mind  that  the  condltioa  ol  the  compnmir 
Tatvea  haa  a  direct  influence  on  the  coal  burned  and  the  work  done.    The^  should  be. cai 


lerepacidoBl . — .^ _,__. 

Lion  to  the  bm  outlet  pipe  No.  8  as  siiown  in 
le  pacldng  without  liability  of  covering  the  t 
m  will  anurs  the  Rtuxn  ol  any  escaping  go; 
Lse  connection  No,  8  and  will  protect  the  ( 
mthaathatofthelow  pnenuesidaof  the: 


box.     To  pack  ttuMnt  boi, 

.  No's  and  1akBo""icey''Nor  0™  The 

_      _  _  j£na  boK  and  pacldog  No.  6  removed. 

old  packing  has  been  removed  from  the  stuffing  boiee. 


■A  the  pipe.     Locat! 


_  through  pneeors 
pacldng  Icom  any  praHiut 
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d  S, 033.— mtar  <v«ni(In«  liutructfoiu.    6.  Compriaer tisbm.    Tocvmi* 

,  pump  out  as  directed  £or  removina  the  valvra.  Diaconnect  the  laclion  and 
ducharge  pipei  fmo  the  back  head,  alack  up  the  bolti  on  ths  trnnt  bead  consectioiit,  then 
bncs  up  the  pips  coanectioiu  above  the  cmnpressor.  remove  the  nuts  from  Ois  back  hnd 
■tuda. and piyoS  the  head.  To«uinInapbtonrln«a,  lemovgtheraundfolIoweTnatand 
follower,  then  the  bull  sod  pacldna  linaa  will  be  easilr  lemovable.  Before  repUciiig  rinsa 
andapridgi  Kfl  that  they  are  in  perfect  conditioD,  thai  wipe  ever?  part  thoroughly  with  a 
dean  rag  (do  not  use  waate)  to  innue  that  do  dirt  or  lint  remains  between  anr  of  the  parta 
and  preventa  contact.  When  all  replacements  are  pTt>perly  made. lock  the  follower  nut. 
Drill  out  the  babbitt  filling  at  B,  and  D,  applying  the  fnllower  nut  wrench  to  holei  D. 
aad  tuming  the  nut  oS  the  rod  and  the  follower  and  all  bull  and  packing  ring*  will  be 
caaily  removable.  To  ladfuat  pUton  clearanet,  remove  a  compreaviT  Tidve  from  each 
bead  (front  and  hack).  Inmt  a  itiip  of  sheet  lead  through  tho  valve  opening  at  one  end 
of  'the  compresior  and  hold  it  aa  that  an  end  of  the  atrip  may  be  CDmprewcd  between  the 
piston  and  cylinder  head.  Turn  the  machine  over  by  hand,  and  the  ccmpreaaion  of  the 
lead  will  show  the  clearance.  Repeat  the  operation  at  theotherend  of  the  cylinder  to  aace^ 
tain  theoppoute  clearance.  Uk  nothing  harder  than  lead  for  the  purpose.  laadjuatins" 
clearance,  allow  the  leait  at  the  front  head,  as  the  worming  up  of  the  piaton  rod  irill 
naturally  expand  it  and  reduce  the  clearence  at  the  back  head.  To  rmplnet  oiuf 
lock  tht  pitton  fallaictr  nut.  Before  replacing  the  follower  nut,  it  is  important  thafc 
the  babbit  in  groove  C.ia  entirely  removed,  to  allow  for  refilling.  To  repUce  the  f  onower 
nut  A,  screw  it  down  aecurely  with  the  follower  nut  wrench.  Then  farm  aoma  clay 
a*  ahown  so  as  to  cover  the  holca  D.  and  form  a  cup  around  hole  B.   Pour  melted 
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Fig.  5,533.  Diagram  illustrating  general  principle  of  the  ammonia  absorption  system.  In  tlie 
figure  two  vessels,  A  and  G.  of  proper  strength  to  resist  internal  pressures  of  10  to  15  at^ 
mospheres  (140  to  220  lbs.  per  sq .  in .) .  are  connected  at  their  tops  by  a  pipe .  E.  The  smaller 
vessel  G.  is  enclosed  within  a  jacket  F,  through  which  and  around  G,  cold  water  is  circulated, 
entering  at  H ,  and  leaving  at  I .  The  larger  vessel  A ,  is  partially  fUled  with  a  strong  solution 
of  aqua  ammonia  and  heat  is  applied  as  by  a  fire  underneath  the  vessel  A.  As  the  ammonia 
warms,  ammonia  gas  is  driven  off  and  fills  G,  through  the  pipe  E,  air  being  allowed  to  escape 
from  the  system  through  a  suitable  opening  in  the  bottom  of  G.  When  ammonia  gas  be- 
gins to  issue  strongly  from  this  opening,  the  escape  is  closed  by  a  cock  D,  provided  for  the 
purpose.  Since  the  volume  of  gas  in  solution  in  the  liquor  in  A,  is  many  times  that  of  the 
water  itself,  the  continued  application  of  heat  drives  off  such  quantities  of  the  gas  as  to  create 
a  constantly  increasing  pressure  in  the  system.  Just  as  in  the  case  of  water,  ammonia  has 
for  every  pressure  a  corresDondiujpr  temperature  of  boiling  and  of  liquefaction,  at  which  tem- 
perature ammonia  gas  wiu  liquefy  if  heat  be  abstracted  from  it,  and  ammonia  liquid  will 
gasify  if  heat  be  added  to  it.  If  the  cooling  water  have  a  temperature  of  60*  F.,  and  main- 
tain the  vessel  G,  and  its  contents  at  a  temperature  of.  say,  65*  F.,  it  is  evident  that  when 
the  pressure  of  the  gas  within  G,  r.oches  about  103.33  lbs.  per  sq.  in.  by  gaiige  (118.03  lbs. 
absolute),  the  further  expulsion  of  gas  from  the  liquor  in  A,  causes  a  corresponding  lique- 
faction of  ammonia  in  (x,  and  by  continuation  of  the  process  an  accumulation  of  liquid 
ammonia  results  in  G,  until  all  the  gas  has  been  driven  oil  from  the  water  in  A,  the  pressure 
remaining  constant  during  the  process  and  the  latent  heat  of  liquefaction  being  carried  away 
by  the  cooling  water  flowing  out  at  I.  When  the  distillation  of  ammonia  into  G,  is  com- 
pleted, the  process  may  be  reversed  by  cooling  A.  This  enables  the  water  in  A,  to  absorb 
aiid  dissolve  the  gas  in  contact  with  it,  creating  an  immediate  flow  of  gas  from  G,  and  causing 
a  reduction  of  pressure  in  the  system.    This  decrease  of  pressure  lowers  the  boiling  tem- 

'  perature  of  the  liquid  ammonia  in  G,  and  consequently  it  at  once  starts  to  gasify.  Now  as, 
m  Uqnefying,  the  ammonia  yielded  up  its  latent  heat  to  the  cooling  water  in  C,  so,  in  gasify- 
ing, neat  must  be  abstracted  by  the  ammonia  from  its  surroundings.  Hence,  if  the  flkvw 
tlironi^  C,  bd  stopped,  the  water  remaining  around  G,  will  be  cooled  and  ultimately  frozen. 
If  then,  a  brine  whose  freezing  temperature  is  low,  be  substituted  for  the  water  in  C.  it  may 
be  piped  away  for  cooling  storage  space  or  may  freeze  cans  of  water  immersed  within  it 
fior  ice  making  purposes. 


Pigs.  ff;531  and  6.532. — Texi  coniiruud, 

babbitt  metal  into  hole  B ,  from  which  it  will  run  around  groove  C,  and  into  holes  D.  Con- 
tinuepouring  until  the  babbitt  has  completely  filled  the  groove  and  holes,  and  overflows  at 
B.  Remove  the  cla^f  after  the  babbitt  metal  has  set.  and  chip  or  file  off  any  surplus,  so  that 
-^  .^  — "•-,  the  piston 
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Fig.  6,534.^-£lementary  ammonto  absorption  myBtem;  direct  txpansim  eociing.  The 
essential  i)arta  are:  1,  generator;  2,  condenser;  3.  expansion  coils;  4,  absorber;  6.  punip; 
6,  exchanger.  As  compared  with  the  compression  system  the  absorber  takes  the  pIa^  of  tae 
compressor.  Cyelm  of  operations  1,  the  strong  liquor  vaporises  an  gj^enerator;  2,  ammonia 
gas  produced  in  generator  passes  to  condenser  and  condenses;  8*  liquid  ammonia  from  con* 
densier  passes  through  expansion  valve  and  vaporizes  in  the  expansion  coils  which  produces 
the  cold  or  refrigerating  effect;  4 ,  ammonia  gas  from  expansion  coils  is  absorbed  by  the  weak 
liquor  in  the  absorber,,  producing  strong  Uquon  6,  the  strong  liquor  is  ptunped  from  the 
absorber  to  generator  via  the  exchanger,  where  the  hot  weak  hquor  passing  from  oenerator 
to  absorber  gives  up  some  of  its  heat  to  the  strong  liquor,  thus  completing  the  cyde* 


NOTE. — ^If  a  solution  of  NH«  and  water  (ammonia  liquor)  be  placed  in  a  boiler,  termed  a 
"generator,"  and  sufficient  heat  supplied  by  a  steam  cou  be  applied,  both  superheated  NHs 
gas  and  steam  will  be  driven  off  or  generated.    The  total  pressure  existing  in  ua  generator  is 
made  up  of  the  partial  vapor  pressures  of  NHs  and  HsO.    The  vapors  on  leaving  the  gener- 
ator are  first  passed  throtagh  a  cooler  (termed  a  rectifier  or  dc^yduator)  which  is  connected 
with  the  coohng  water  supply.    A  temperature  is  maintained  in  the  rectifier  which  is  suf- 
ficiently low  to  condense  out  practically  all  of  the  water  vapor,  approximately  00  per  cent  ..but 
not  the  ammonia.    The  condensed  water  reabsorbs  some  of  the  KHa  gas  and  is  dripped  otSk 
into  the  generator  as  rich  liquor.   This  leaves  practically  dry  NHs  gas  to  be  passed  to  aa  NHi 
condenser  to  be  liquefied.  The  U9ttid  NHa  is  then  expanded  in  evapoimtin^  coils  and  xefrieacm- 
ti<m  produced  as  in  the  compression  system .   The  expanded  NHs  gas  leaving  the  evaporatanc 
coils  passes  to  the  "absorber'^  where  it  is  leabaorbed  by  <he  weak  liquor  drawn  from  the  bottom 
of  the  generator.    The  rich  liquor  produced  by  the  absorption  is  then  pumped  back  to  tho 
amdvser  and  generator  to  repeat  the  cycle.    The  analyzer,  located  on  top  u  the  generator, 
consists  of  a  series  of  tra^  over  which  the  rich  liquor  flows  on  its  way  to  the  generator.   The 
function  of  the  analyzer  is  to  reduce  the  superheat  in  the  discharge  gases,  thus  relieving  the 
rectifier  or  dehydrator.  and  condenser  of  a  part  of  the  heat  to  be  removed  in  the  condensation 
of  the  superheated  vapors.    The  analyzer  is  frequently  omitted  in  order  to  lower  the  first 
cost  of  apparatus  at  the  eiq>ense  of  economy  in  operation.  The  pressure  existing  in  the  gener- 
ator and  rectifier  is  determined  by  the  temperature  maintained  in  the  condenser,  wmch  in 
turn  is  d^endent  upon  the  amount  and  temperature  of  the  condensing  water  supply  vnSl' 
utiiib.— Harding  and  WiUard. 
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Ammonia  Absorption  System* — ^In  this  syst^n  the  com- 
pressor is  replaced  by  a  Vessrf  called  the  absorber,  where  the 
expanded  vapor  takes  advantage  of  the  property  of.  water  or  a 
weak  ammoniacal  liquor  (called  the  "weak-Bquor")  to  dissolve 
ammonia  gas.  (At  69  ^  Pabr .  water  absorbs  727  times  its  volume 
of  ammonia  gas.) 

The  principle  of  the  absorption  system  may  be  stated  as  the 
alternate  repulsion  and  absorption  of  ammonia  gas  by  the  alternate 
heating  and  cooling  of  ammonia  water. 

In  the  elementary  absorption  plant  the  essential  parts  are: 

i.  Generator  4.  Absorber 

2.  Condenser  i   6.  Pump 

3.  Expansion  coils  6.  Exchanger  or  intercooler 
these  being  shown  in  the  diagram,  fig.  5,534.    . 

The  cooling  agent  (ammonia  water  mixed  it^  proportions  of 
about  one  and  two  respectively),  is  placed  in  the  generator  y  where 
it  is  heated  by  steam  coils  containing  low  pressure  steam,  usually 
the  exhaust  from  the  circulating  ptmip,  and  due  to  this  heat, 
ammonia  gas  under  pressuie  is  liberated  from  the  water  and 
passes  on  to  the  oondenser  where  it  is  cooled  and  liquefied. 

The  liquid  ammonia  then  passes  into  the  expansion  coils, 
where  it  vaporizes  and  absorbs  heat  from  the  surrounding  sub- 
stances thus  providing  the  refrigerating  effect,  and  the  warm 
gas  from  these  flows  into  an  absorber,  a  tank  containing  the 
weak  ammonia  water  (called  the  "weak  liquor"),  that  is,  that 
which  has  previously  given  up  its  gas  in  the  generator.  In  the 
absorber  are  coils  containing  cold!  water,  and  the  ammonia 
vapor  coming  from  the  expansion  coils  is  absorbed  by  this 
weak  liquor,  and  the  heat  given  up  by  the  gas  in  the  absorp- 
tion process  is  carried  off  in  the  cooling  water.  The  strong  liquor 
or  strong  aqua  ammonia  resulting  from  the  absorption  of  the 
ammonia  gas  is  pumped  into  the  generator  where  it  is  again  driven 
out  of  solution  by  the  heating  coils,  thus  completing  the  cycle. 
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1.  Analyzer. 

2.  Rectifier, 

3.  Cooler. 

The  operation  of  the  complete  plant  is  shown  in  fig.  5,635. 
Oues.    What  is  the  analyzer  ? 


PlO.  £.537. — York  generator  and  analyser.  The  analyvtr  «hcll  ifl  welded  to  the  ^eoeratof 
body.  The  lonsitudiiml  teams  on  alio  weldid  which  makes  an  absolutely  Mtiml« 
ooniitructioa.  A  partial  cron  Kction.  khowing  detailed  deacTiptioii  and  end  ^flvstion  of 
thii  seneiator  and  sQalyter.  is  Bhown  in  fig.  6,&3S.  It  is  eepecislly  comtnicMd  to  be 
lued  with  the  York  anunonia  pump. 


Ans.  It  consists  of  an  upright  cylinder  placed  upon  the  gen- 
erator, if  the  latter  be  a  horizontal  one,  or  practically  forming  the 
upper  part  of  it  if  it  be  a  vertical  one.  It  is  scanetimes  made 
part  of  a  horizontal  generator.    Arranged  in  the  interior  of  the 
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analyier  is  a  series  of  shelves  and  a  corresponding  number  of 
basins  below  them. 

Ques.     Describe  Its  operation., 

Ans.  The  strong  liquor  is  forced  into  the  upper  part  of  the 
analyzer  by  the  ammonia  pump,  and  as  it  falls  on  the  boiling 
liquor  below,  it  paases  over  these  plates  and  basins  and  the  vapor 
passing  upward  increases  in  strength,  while  the  strong  liquor 

5 sing  down- 
d  is  constant- 
ising  in  tem- 
iture.  The 
s  of  the  ana- 
lust  be  large 
to  allow  this 
without  foam- 
nterference. 


Vm.  SJIS8. — Polir  Benentor,  Hulyaer  and  bsat  ciciIiHiser  tor  low  pTMSun  cilHUWt  tMuB. 
TheiitMmest«rsat[.If,andafur[KUBUie^(iaHh  uiil  condasinaui  tbaoilBn.  gott  oat 
■too,  the  coila  an  cbntunsd  m  the  ihnl  K,  wtuea  fenns  tha  body  of  tha  eenerator  and  B. 
receptacle  for  the  U<iuor.  Tha  rich  liquor  frouitbs  mumdui  puau>  entei*  at  E,  and  after 
puung  through  the  eichnngcn  t,  and  the  pipe  P.  if  led  to  tbs  ■dMj'ht' J.  by  means  of  the 
Inpe  A.  The  pipe  A.  ii  provided  with  a  atop  cock  which  can  be  qtucldr  operated  br  means 
cfduimattaaiad  to  a  Mver.  In  the  aiulyier  the  rick  liqaar  Bowl  over  a  number  of  pan*  T, 
when  it  comee  in  contact  with  the  risiav  hot  saiijmd  after  circulatiiis  ovef  all  theae  pani  it 
drains  into  tha  Beeentor  through  the  pifie  S.  The  vapor  from  the  analrier  paiae*  to  the 
rectifier  br  mcana  of  thapipo  R;Ui«iectiSerdripD.  anten  ttM  ajulrier,  aa  inowiuuil  is 
provided  with  a  drain  V.  for  blowfoic  off.  The  we^  liquor  leave*  tn  Denerstor  at  n ,  ahd 
enters  the  exchanger  coil*  H.  at  C;  after  soins  through  the  piimary  ex^ager  it  poises  by 
neaas  ot  the  manifold  pipe  G.  throujih  tAe  secondary  eiciiangeT  coQ*  and  header  pipe  D. 
to  the  weak  liquor  cool^,  and  fiTially  xato  tho  absorber  where  it  again  unites  wiih  the  anhy- 
drouaviiioc.     (See  bIbo  on  opposite  page). 
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The  object  of  the  analyzer  is  simply  to  assist  the  ^^6rator  in  separating 
the  ammonia  gas  from  the  water  which  absorbed  it  m  the  absorber. 

Ques.    Describe  the  rectifier. 

Ans.  It  consists  of  a  vessel  having  a  water  cooled  coil. 
The  hot  ammonia  gas,  after  leaving  the  ana^zer ,  passes  through 
this  coil  where  any  water  vapor  which  may  have  escaped  con- 
densation in  the  analyzer  is  here  condensed.  This  condensate, 
which  is  strong  ammonia  liquor,  is  returned  to  the  generator  by 
way  of  the  analyzer.   The  ammonia  gas,  which  now  should  be 
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Pig.  5, 530 .«— 'Diagram  of  polar  abfiorption  system  with  shell  and  coil  condesisers. 

practically  free  from  y/ater  vapor,  passes  from  the  rectifier,  to 
the  condenser. 


Ques.    What  is  the  objection  to  a  very  small  percentage 
of  water  vapor  in  the  gas  ? 

Ans.     It  cu*s  down  the  capacity  of  the  plant  considerably. 

Ques.    Describe  the  cooler  and  its  use. 

Ans.     The  cooler  consists  of  a  vessel  provided  with  a  cooling 
coil.    In  operation  it  does  for  the  weak  liquor  the  reverse  of  what 
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the  heat  exchanger  does  for  the  strong  hquor,  that  is,  it  tiools 
the  vreak  Hquor. 

ABSORPTION  SYSTEM 
PARTS 

Generator. — This  apparatus,  also  called  the  still  or  retort,  is  a  large 
heavy  ahdl  or  cylinder  which  shoiUd  be  capable  of  standing  a  pressure  of 
fiOO  pounds  per  square  inch.  .    -    .. 


Pio.  S,MI).— Polar 

It  may  be  j^aced  h(»izontally  or  vertically,  it^  distinguishing  feature 
in  Uie  interior  being  a  steam  ccnl  which  beats  the  strong  ammonia  liquor 
that  is  taken  from  the  absorber  by  the  ammtmia  pump  and  forced  into  the 
, generator  thrauzh  the  analyzer.  Horizontal  generators  are  better  than  ver- 
~tical  because  of  the  larger  liberating  surface  which'  is  desirable  because 
of  the  very  rapid  boiling  of  the  liquid. 
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The  coils  occupy  about  half  the  height  of  a  vertical  generator,  and  a 
hood  or  inverted  cone  should  be  placed  over  them  so  that  if  the  level  of 
the  liquor  ^ould  fall  so  as  to  expose  them,  the  rich  liquor  will  not  fall  on 
them. 

The  gen^ratK>r  Jiiquolt-'  reach^  fiis  ats|yzi^r  al^'from  159  tQ  t7D  (^tarees  F. 
and  4s  heated  t^  about  200  ^e^e^sf^mietL  it  iieaclie^  the  boiling  Uquor  in 
the  bottom  of  the  generatcxr..       .      -/    ^  • 

The  generator  has  an  outlet  In  t^^  lower  i»art  for  taking  the  weak  liquor 
back  to  the  absorber. 

The  liquor  level  in  the  generator  should  be  maintained  above  the  upper 
coils,  otherwise  a  chemical  change  in  the  ammonia  might  occur,  forxning  a 


Pig.  5,541 . — Double  pipe  ammonia  condenser.  The  gas  enters  af 'the  top  in  the  annular  space 
between  the  outer  and  inner  pipes,  the  liquid  being  drawxi^oft  at  the  bottom.  The  inner 
pipes  are  for  the  water,  and  thus  the  counter  cmieiit  effect  is-easfly  obtained. 


permanent  gas;  moreover,  the  falling;' of  ammonia  water  on  the  pipes  knay 
cause  pdttin^. 

In  case  of  trouble  in  the  operation  of  an  absorption  plant  steam  should 
at  once  be  shut  off  from  the  generator.  Generators  should  be  opened  and 
examined  internally  from  time  to  tune  to  clean  the  .tubes  and  vcmk&  any 
necessary  repairs. 

A  "boil  over"  causes  the  ammonia  charge  in  the  gericrator  to  be  drawn  out 
of  the  generator  into  other  parts  of  the  system;  it  niay  be  caused  by  an 
insufficient  charge  in  the  system,  by  defective  working  of  the  pump,  or 
some  derangement  in  operating  conditions. 
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Analj/xer. — This  consists  o£  a  vertical  cylindrical  veesel  placed  on  top 
of  the  e^erator  and  forming!  a  part  of  the  latter.  Inside  the  analyzer 
is  a  murtifdicity  of  metal  trays  over  which  the  cool,  rich  Uquca'  from  tbe 
exchanger  passes,  coming^  in  contact  with  the  hot  ammonia  vapors  riting 
from  the  generator,  espedallyaait  trickles  from  tray  to  tray.  The  advan- 
tage of  this  counter  cucrent  arr«neenient  is  that  it  hcis  tbe  ^ect  of  condens- 
ing and  returning  to  the  g^terator  a  large  percentage  of  the  entrained  water 


PM.  S;9ks.— Doubta  {npa  a. 
□£  tlia  edb  tern  w  n 


The  analyzer  should  be  kept  clean,  for  if  the  trays  become  clogged,  their 
capacity  for  handling  the  liquor  is  lowered,  the  analyzer  will  beccmne  flooded, 
and  the  ascending  gas  will  cany  liquor  over  to  the  rectifier. 

RectiRer, — The  object  of  tbe  rectifier  is  to  take  tbe  last  tiace  of  moisture 
from  the  hot  ammonia  gas  before  it  reaches  the  condenser.  Inside  the 
rectifier  is  a  small  cooling  coil  and  as  the  ammonia  gaa  cools  the  small 
amount  of  water  vapor  that  may  be  condensed  drains  back  to  the  analyzer. 

The  efficiency  ctf  the  machine  depends  very  largely  on  the  proper  working 
of  the  rectifier.  If  it  be  not  kept  at  the  proper  temperatm^  there  will  be 
trouble.  If  it  be  allowed  to  run  too  hot  the  moisture  held  in  suspension  by 
the  Eras  will  not  be  removed,  and  win  pass  into  the  condenser  and  lique^ 
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with  the  gas.  If  it  be  run  tcx>  cold,  both  the  moisture  and  the  gas  will  be 
condensed  and  returned  to  the  generator,  leaving  no  gas  to  jgo  to  the  con- 
denser to  supply  the  cooler.  If  it  be  allowed  to  become  too  cold  it  may 
cause  a  '•boil  over." 

The  proper  working  of  the  rectifier  is  indicated  by  its  temperature  as 
ascertained  by  the  thermometer;  the  drain  pipe  should  feel  warm  to  the 
hand. 

The  water  supply,  which  can  be  by  passed,  if  necessary,  should  also  have 
a-  thermometer  so  that  the  supply  can  be  regulated. 


I^iG.  5,543. — Detail  of  double  pipe  return  bend.  The  ammonia  pipes  C,  C,  are  screwed  into  the 
flanges  D,  and  to  these  flanges  the  Casting  B,  is  held  by  the  bolts  P.  P,^ compressing  the  soft 
packing  G.  The  inner  pipes  H ,  H,  are  for  the  water  circulation,  the  joints  being  made  tight 
by  means  of  the  soft  paoong  rings  I,  around  each  end  of  the  pipe,  which  are  oompnpsedDsr 
the  return  bend  J,  and  the  bolts  K. 


If  there  be  more  moisture  in  the  ammonia  gas  than  the  rectifier  -can 
separate,  this  moisture  must  go  to  the  condenser  and  from  there  to  the 
cooler,  and  moisture  will  not  evaporate  in  the  cooler,  but  takes  up  room 
and  interferes  with  the  evaporatmg  ammonia  gas,  and  must  be  purged 
before  the  machine  will  do  good  wonc. 
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If  the  eng[ineer  suspect  the  rectifier  be  not  working  properly  he  can  test 
the  ammonia  for  water  by  taking  a  12  inch  glass  test  tube^  or,  if  this  cannot 
be  hadf  a  1  inch  pipe  about  12  inches  long  capped  at  one  end.  Bend  a  piece 
of  wire  about  a  foot  long  arotuid  one  end  of  tne  tube  or  pipe  so  that  it  can 
be  held  away  from  the  hand.  Take  a  piece  of  pipe  about  the  same  siiA  as 
the  cock  on  the  ammonia  receiver  and  bend  the  threaded  end  so  that  the 
pipe  will  stand  vertical  when  in  position  on  the  drum.  Slip  the  test  tube 
over  the  pipe  until  the  end  reaches  almost  to  the  bottom  of  the  tube.  Open 
the  valve  gently  and  draw  a  certain  number  of  inches  of  liquid  anhydrous 
ammonia  into  the  tube,  withdrawing  it  from  the  bent  i>ipe  as  it  fills.  After 
noting  carefully  the  amount  of  liquid  in  the  tube,  pour  it  in  a  shallow  vessel 
and  set  the  v^sel  in  cold  water  or  <m  a  block  ot  ice.  Under  these  condi- 
tions, the  ammonia  will  evaporate  quickly  and  any  residue  remaining  is 
the  amount  of  moisture  and  mipurities  originally  in  the  ammonia^  Divide 
the  amotmt  of  residue  by  the  quantity  of  liquid  drawn  into  the  tube  and 
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Pi6.  5,544. — Water  ooniiection  to  double  pipe  condenser. 

multiply  the  quotient  by  100,  which  gives  the  percentage.  Before  the 
liquor  is  drawn  iiito  the  tube,  a  little  gas  should  be  sdlowed  to  escape'  in 
order  to  purge  the  test  pipe. 

ptmdejMcr,— For  absorption  machines,  the  condenser  may  be  of  either 
•the  atmospheric  double  pipe  or  shell  type,  as  preferred.  The  absorption 
^stem  requires  about  two  and  one-half  times  more  cooling  water  than 
tne  compressor  system.  The  cooling  water,  after  doing  its  work  in  or 
over  the  condenser,  according  to  the  type  used,  flows  tluxnigh  a  coil  in  the 
absorber,  then  through  the  rectifier. 

Ahaorber. — One  type  of  absorber  consists  of  a  horizontal  cylinder  con- 
taining coils  of  pipe  through  which  the  cooling  water,  which  has  previously 
done  duty  in  the  ammoma  condenser,  passes. 

When  the  gas  in  the  generator  has  been  distilled  it  lieaves  the  aqua  weak, 
especially  at  the  bottom,  and  this  weak  liquor  is  fofoed  through  the  ex- 
changer to  the  top  of  the  absorber,  where  it  is  thrown  over  the  incoming 
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There  are  numerous  methods  of  spraying  the  weak  liquor  at  the  top  of 
the  absorber.  One  is  simply  a  valve  with  three  oblique  holes.  If  one  side 
of  the  absorber  get  warmer  than  the  other,  turn  the  valve  slightly  down, 
say  one-eighth  of  a  turn,  and  by  a  little  manipulation  the  all  over  tempera- 
ture of  the  absorber  can  be  maintained  even.  Sometimes  a  little  scale  or 
dirt  will  get  over  a  hole  and  partly  dose  the  valve. 

The  flow  of  the  weak  Hquor  is  regulated  by  a  valve  near  the  exchanger, 
that  at  the  generator  being  used  only  to  shut  off  the  weak  liquor  altogether. 
There  shouM  be  only  enough  weak  liquor  thrown  over  to  absorb  the  gas. 
More  than  this  puts  an  extra  load  on  the  ammonia  pump,  exchanger  and 
absorber. 


Pig.  5,547. — A  safe  method^if  chamjoff  ^^  absorption  plant,  but  the  refrigerating  effect  of  the 
drum  of  ammonia  is  lost. 

The  supply  of  weak  liquor  as  it  enters  the  absorber  is  usually  controlled 
by  an  automatic  regulator.  This  apparatus,  when  once  set,  requires 
scarcely  any  attention,  thus  enabling  the  engineer  to  pay  more  attention 
to  other  matters.  On  the  other  hand,  if  the  weak  liquor  entering  the 
absorber  be  regulated  by  hand,  he  cannot  leave  the  engine  room  with  safety 
for  any  length  of  time,  because  the  amount  of  weak  liquor  entering  the 
absort>er  varies  with  both  the  generator  and  absorber  pressures. 

The  strong  liquor  passes  out  of  the  absorber  near  the  bottom  to  the  pump 
which  forces  it  through  the  exchanger  to  the  analyzer,  where  it  fafis  by 
gravity  into  the  generator. 

The  absorber  must  be  cleaned  frequently,  because  the  cooling  waters 
used  in  the  operation  of  absorbers  usuallv  contain  carbonates  of  lime, 
magnesia,  and  iron,  which  become  insoluole  at  the  temperature  of  the 
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absorber  because  the  free  carbonic  add  is  driven  off  from  the  water  which 
holds  them  in  solution. 

■ 

The  coils  should  be  kept  dean  by  blowing  them  out  occasionally  with 
steam  or  compressed  air,  and  where  hard  water  is  used  this  should  be  done 
at  least  once  a  week.  In  fact,  cleanliness  and  regularity  of  operation  are 
the  main  things  to  look  after  in  an  absorption  plant. 

The  absorber  may  sometirnes  show  too  high  pressvire  because  of  too  mudi 
liquid  in  the  sj^stem  or  too  little  cooling  water;  it  may  also  be  due  to  per- 
manent gases  in  the  system, 

A  leak  in  one  of  the  cooling  coils  of  the  absorber  will  at  once  be  noticed 
in  making  a  test  of  the  cooUng  water  after  it  has  passed  through  the  coils. 
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Fig.  5.548. — ^A  rather  dangerous  method  of  charging  a  plant,  but  the  refrigerating  effect  of 
the  ammonia  is  preserved. 

Should  a  leak  be  indicated,  steps  should  be  taken  to  locate  the  defective 
.  coil  at  once,  as  in  the  case  of  a  leaky  coil  in  the  generator. 

The  main  point  of  operation  with  the  absorber  is  regulating  the  liquor 

levd  and  it  is  now  a  recognized  fact  that  the  larger  part  of  the  (attention 

required  for  doing  this  properly  should  be  given  by  an  automatic  regulating 

valve  for  controlhng  the  flow  of  the  liquor.    Air  and  burnt  gaises  should  at 

.  all  times  be  kept  purged  off  the  absorber. 

It  can  be  noticed  at  any  time  whether  the  absorber  is  taking  hold  wdl 
and  by  the  frost  on  the  gas  pipe.  If  the  frost  continue  white  and  keep 
accumulating,  the  absorber  is  working  uniformly;  if  the  pipe  begin  to 
thaw,  either  the  absorber  has  ''let  go,"  or  the  cooler  has  become  foul: 
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Ai  the  bottom  of  the  abaorber  is  a  purge  valve.  The  pipe  from  this 
should  have  a  swivel  joint  so  it  may  be  smmg  into  or  out  ex.  a  bucket.  If 
there  be  air  in  the  system,  it  will  usually  be  found  at  the  bottom  of  the 
absorber  and  should  be  drawn  out  through  this  valve.  The  valve  should 
be  opened  occasionally  to  test  the  system  for  air. 

A  cleah  machine  ought  to  run  from  one  to  two  months  without  trouble  of 
this  kind,  Totestit.getabucketofcoldwater,  and  set  it  under  the  outlet 
to.thepipe  and  open  the  valve  from  one-eighth  to  one-fourth  turn.  If 
air  be  preacot,  bubbles  will  rise  to  tiie  top  of  the  water,  nearly  noiselessly. 
Shotda  there  be  few  bubbles,  accompanied  by  a  cra.i±ling  sound,  like  water 
beii^;  heated  with  steam,  it  indicates  the  presence  of  gas,  showii^[  that 
that  part  of  the  machine  is  all  right. 


ric.  5JM0. — Correct  method  of  charging  a  plant  equipped  with  brine  circulation. 

When  air  bubbles  are  rising,  if  a  match  be  held  over  the  pail  and  a  pale 
yellow  flame  result,  it  shows  that  there  ia  some  foul  gas  mixed  with  the  air. 

Half  way  up  the  absorber  there  is  another  purge  pipe  for  drawing  ofE  foul 
ras.  If  this  valve  be  slightly  opened  and  the  gas  issuing  therefrom  be 
lighted  and  continue  to  burn  of  itself,  it  shows  foul  gas. 

There  is  difference  of  opinion  as  to  the  amount  of  liquor  to  carry  in  the 
absorber  to  take  up  the  gas  coming  from  the  freezing  tank  coils.  The 
proper  amcmnt  can  be  ascertained  by  testing  the  rich  hqucr  passing  throueh 
the  ammonia  pump  at  different  heights  in  the  absorber,  that  is,  if  ttie 
rich  Uquor'inmcate  26  degrees  at  a  certain  height  and  25  degrees  at  an. 
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adcUtional  height  it  is  a  sure  tndicdtion  that  the  limit  lias  beenireachedf 
because  the  weak  liquor  absorbs  all  the  gas  coming  from  ^e  coils  and  yet 
fails  to  bring  the  ndi  liquor  up  to  the  standard. 

This  is  detrimental,  for  it  requires  more  heat  to  extract  the  same  per- 
centage of  gas  from  the  25  degree  aqua  ammonia  than  from  26  degree. 

When  the  absorber  is  cold  the  pooir  liquor  within  it  will  have  a  larj[e 
absorbing  power  and  take  gas  from  the  cooler  all  right,  even  if  it  be  gas  of 
medium  high  percentage;  if  it  grow  wanner,  it  will  have  less  absorbing 
power  and  do  less  work . 

If  the  temperature  cannot  be  improved  because  of  insufficient  water  or 
because  of  the  high  cost  of  the  water,  the  liquor  coming  over  must  be  made 
weaker,  by  turning  more  heat  on  the  generator  and  mstiUidg  more,  of  the 
gas  over  into  the  condenser,  which  wm  carry  a  large  amount  in  storage. 


.i 


Fig.  5.651  .-"-Correct  method  of  chargiag  a  dixect  expansion  plant. 

It  will  also  be  foimd  that  the  cooler  will  need  a  little  more  gas  under  this 
condition.  This  weakens  the  whcAe  charge  in  the  generator,  requiring 
higher  heat  in  the  coils  and  a  higher  pressure  to  distill  the  necessary  gas 
from  the  weakened  charge,  and  this  is  the  reason  a  higher  pressure  has  to 
be  carried  with  a  warm  absorber. 

With  cooling  water  at  or  below  60  degrees,  a  low  pressure  machine  will 
run  at  atmospheric  pressure;  with  water  at  70  degrees,  the  steam  pressure 
may  have  to  be  raised  two  or  three  pounds;  and  at  75  degrees  it  may  have 
to  be  raised  to  10  poimds. 

Some  machines  wiU  require  higher  pressures,  depending  on  the  heating 
surface  in  the  generator.  With  60  degree  temperature  water  the  pressure 
in  the  generator  may  be  from.  90  to  100  pounds  and  at  75  degrees  it  will  be 
necessary  to  carry  it  to  150  or  160  pounds.  All  these  pressures  are  deter^ 
mined  by  the  temperature  of  the  absorber  and  whether  coal  or  water  costs 
the  more. 

If  water  can  be  obtained  from  driven  or  bored  wells,  an  absorption 
machine  can  be  run  the  year  through  with  exhaust  steam,  and  it  will  not 
act  as  a  brake  on  the  engine.    Where  there  is  lots  of  brine  pumping  by 
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steam  pumi^  it  is  ^- 
sible  to  run  a  madiine 
wiQi  the  exhaust  from 
the  pumps. 

Ccmditions  as  re- 
garda  water  should  be 
carefullv  investi^ted 
before  deddinK  oa  the 
site  for  a  plaat. 

Dead  liquor  may  be 
expell  ed  frcm  the  cooler 
into  the  absoiber  by 
shutting  oEE  the  return 
gas  liae  from  the  cooler 
to  the  absorber  and 
opening  a  line  from  the 
bottom  of  the  cooler  to 
theabsorber.  This 
shuts  down  themachine 
during  the  process  of 
pumpmg  out,  and  tbe 
temperature  of  the 
brine  goes  up,  often  10 
degrees  or  more,  and 
may  require  two  -  to 
four  hours.  The  liquor 
is  evaporated  and 
taken  up  in  the  ab- 
sorber by  the  weak 
liquor.  Shutting  down 
a  machine  for  this  pur- 
pose may  really  cause 
a  high  temperature 
brine  for  several  hours. 
To  overcome  this,  tb« 
pipe  at  the  bottom  of 
the  cooler  may  be  con- 
nected with  uxe  liquor 
line  from  the  absorber 
to  the  pump  by  a  one- 
inch  pipe  and  a  gpte 
:  valve.  It  is  under- 
I  stood  that  it  would  not 
I  do  to  attempt  to  open 
I  this  valve  wide  or  to 
I  attempt  to  pump  it  out 
unless  there  was  a  good. 


REFRIGERATION 


Giving  two  to  two  and  one-half  turns  on  this  gate  valve  would  clean  out 
the  cooler  as  quickly  as  the  old  way  and  the  operation  of  the  machine 
would  not  be  interrupted,  but  the  temperature  of  the  brine  would  go  down 
during  the  process.  The  machines  should  be  run  in  the  usual  manner  during 
tl^  operation  and  nothing  changed,  except  to  partially  open  the  valve  at 
thebottomof  the  cooler,  as  described.  It  saves  a  lot  of  labor  and  keeps  the 
brine  temperature  down. 

It  would  be  a  good  plan  to  provide  this  pipe  with  a  check  valve  to  prevent 
liquor  from  the  absorber  backing  into  the  cooler. 

Ammonia  Pump. — This  is  a  specially  constructedpump  so 
a&  to  prevent  any  leakage  of  ammonia  through  ttie  stuffing  box. 


Pig.  E.S54.--~Carbandale  ihell  type  macbine. 

NOTE. — Conderutri  fnr  re£ni[eratmff  machine*  ftre  of  two  kind:  1,  iiubmerseii;  2.  open 

mum  emdency.  Acconlirvg  to  Siebel  the  amount  of  condenBing  surface.  t1^  water  entcriofi 
at  70*  and  leaving  at  80*,  la  forty  sq.  ft.  for  each  ton  of  refrigeratLnE  capacity,  or  6*  lineal 
feet  of  two  inch  pfpE.  Frequently  only  twenty  Eq.  ft.  or  ninety  ft.,  of  lli  inch  pipe,  isuied, 
but  this  necessitates  higher  eondenset  pressures.     It  P-sq.  ft.  of  cooling  surface,  i^bcat  ■ 


nr 


Fort -80  and  (,.-70.  m  may  be  taken  at  .5.  Practicallj' the  amount  of  water  re- 
^uuea  will  vary  from  3  to  7  gaTTona  per  minute  per  ton  of  refngeratKni.  When  cooling  water 
i«5carce,eoolin«toweTS  are  commonly  used.  E.  T.Bhinlde^ivestheavCTagoaurface  of  several 
submerffEd  oondenseTa  as  equal  to  167  lineal  feet  of  1  inch  pipe  per  ton  of  refrigeration.  Open 
air  or  evaporation  surface  condenser?  are  usually  made  of  a  stack  of  paralW  tuhea  with  rptnm 

balds,  andmeanaof  distributinathe  waterai " 

Shinklfl  gives  as  the  avisrase  sunaca  of  opea 
inch  pipe  psr  ttm  of  rEtrigwatiDB  capacity. 
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It  is  well  to  Iiave  a  small  connection  from  the  poor  liquor  pipe  to  the  suc- 
tion {upe  somewhere  near  the  absorber,  so  that  in  case  the  pump  get  gas 
bo^d  it  can  be  remedied  by  aimply  opening  the  valve  for  a  few  seconds  to 
Charge  the  pump,  thus  saving  the  possible  necessity  of  stopping  the  pump, 
removing  the  valve  caps  and  charging  the  pump  in  that  way. 

Exchanger. — This  apparatus  may  be  of  the  shdl  and  ccnl  or  double 
jnpe  type.  It  transfers  Uie  heat  from  the  weak  liquor  of  the  generator  to 
the  rich  liquor  fyrning  frcnn  the  absorber.    The  temperature  of  the  weak 


PlO.  B,ES6.— Carboodale  atmosetetic  type  madiine. 

liquor  may  be  280°  ajid  the  strong  liquor  80°  before  passing  through  the 
exchanger. 

A  leak  in  the  exchai^er  coils  ia  one  of  the  defects  that  the  engineer  locates 
while  making  bis  r^;ular  round  oE  inspection  and  test.  Ordinarily  Uie  rich 
liquor  should  show  28  degrees,  while  the  poor  liquor  is  16  de^prees.  TW 
Shows  excellent  workiim;  and  in  some  cases  the  jrtant  may  not  show  these 

When  the  enidneer  finds  that  the  Etrenzth  of  the  rich  liquor  is  24  degrees. 
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leak  be  not  mended*  the  exchange  will  go  on  tintil  the  density  of  the  two 
liquors  in  the  system  is  equahzed. 

DISTILLATION 

Ques.  What  becomes  of  the  exhaust  steam  from  the 
compressor  of  a  compression  plant  or  the  generator  of  an 
al>sorption  plant  ? 

Ans.     It  is  distilled  and  tised  for  ice  making. 

Ques.    How  should  the  distiUhig  system  be  arranged? 


Pig.  5,559.— ^Skimming  tank  with  funnel  surface  blower  for  removing  oil  or  other  lig^t  8ctn» 
from  the  distilled  water. 


Ans.     So  that  the  entire  system  can  be  purged  by  steam. 

Ques.    Where  is  the  exhaust  steam  taken  first? 

Ans.  It  is  carried  through  the  feed  water  heater  where  it 
gives  up  a  portion  of  its  heat  to  the  water  before  it  reaches  the 
boiler,  thus  reducing  to  some  extent  the  amount  of  coal  necessary 
to  make  steam. 
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Ques.    What  is  the  next  step? 

Ans.  The  steam  is  now  in  a  saturated  condition,  and  it 
passes  through  an  oil  separator  where  it  strikes  against  baffle 
plates,  the  impact  having  a  tendency  to  separate  the  oil  from  the 
steam,  it  dropping  to  the  bottom  of  the  separator  where  it  may- 
be drawn  off. 

Ques.  Describe  in  detail  a  diagram  of  a  water  distilling 
system. 


WATER 
INLET 


Live  STEAM 


TO  SEWER 


BLOW  OFF 


Pig.  5,560. — ^Reboiler  for  reboiling  condensed  water  for  ice  making  purposes,  the  process 
frees  the  water  from  air  and  foreign  gases,  oil  or  grease,  etc.  In  operation,  the  heat  from 
the  coil  causes  the  water  to  boil,  thus  forcing  the  grease  or  other  impurities  toward  the 
surface,  where  an  overflow  i>ipe  carries  them  into  a  trap,  while  the  air  and  gases  are  taken 
off  in  a  special  flue.  Reboilers  of  this  shape  are  made  or  heavy  galvanized  iron  and  properly 
reinforced  at  top  and  bottom. ,  A  closed  coil  should  be  used  in  preference  to  a  perforated 
coil.  A  perforated  coil  often  gives  to  the  water  in  the  tank  the  appearance  of  boiling  when 
the  temperature  is  still  below  212  decrees.  Keep  the  reboiling  tank  up  to  212  degrees, 
and  run  the  waste  steam  from  the  reboiling  coil  into  the  steam  condenser. 

Ans.     The  exhaust  steam,  as  shown  in  fig.  5,561,  enters  the 
surface  condenser,  A,  and  when  condensed,  the  water  flows  from 
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the  condenser  to  the  pump,  B,  which  is  placed  below  the  con- 
denser, thus  the  water  can  be  pumped  fairly  hot  into  the  reboiler, 
C,  which  is  set  on  the  roof  of  the  building. 

The  reboiler  is  made  of  galvanized  iron  with  acoveronit;  two  open  ven- 
tilators are  on  top  of  the  reboiler  to  allow  the  foul  gases  to  escape.  A  live 
steam  coil  is  placed  near  the  bottom  and  the  mater  as  it  enters  comes  in 
contact  with  it,  which  causes  the  water  to  boil  and  cany  the  impurities 
toward  the  surface;  the  air  and  gases  are  carried  out  through  the  ventila- 
tor.   Attached  to  the  reboiler  is  a  compartment,  £,  for  skunming  the  c^ 


'lo.  6,561.— Water  distilling  system.    Eiliaust  ateam 
when  condenHd  the  water  flows  from  the  condenser  to  i 

condenser,  thus  the  water  caa  be  pumped  fairly  hot  into  tie  lesousr,  <J,  wuca  is  set  on  tna 
roof  q[  the  building. 

that  rises  to  the  surface  of  the  water.  The  reboiler  is  skimmed  automatic- 
ally by  an  old  time  device,  every  twenty  minutes  or  half  hour,  accord- 
iuK  to  the  amount  of  water  distilled.  The  device  used  to  regulate  the 
skimming  of  the  reboiler  works  as  follows:  the  plunger  and  (Minder,  F, 
which  operate  the  lever  valve,  G,  are  placed  far  enough  below  the  reboiler 
to  get  a  head  of  water  sufficient  to  raise  the  plunger  in  the  cylinder.     As 
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Pk.  8.663.— Mstbod 


the  plunger  rises,  due  to 
the  pressure  under  it,  the 
lever  valve  opens  and  allows 
the  distilled  water  to  flow 
out  of  the  re-boiler.  The 
length  of  time  that  die  lever 
valve  is  open  can  be  regu- 
lated by  placing  a  cap  D, 
on  the  outlet  pipe  to  the 
tank  H,  which  la  used  to 
catch  the  water  and  oil  that 
is  skimmed    from   the    re- 


Management  of  Refriger- 
ating Machines. — Before  start- 
ing refrigerating  machinery, 
whether  newly  installed  or  after 
any  considerable  period  of  dis- 
use, all  piping  and  joints  should 
be  tested  for  leaks.  This  may 
be  done,  no  matter  what  the 
system  be,  using  the  compressioii 
pump  to  compress  air  into  the 
piping  up  to  whatever  pressing 
may  be  considered  suitable. 

The  seriousaess  of  the  leakage 
may  then  be  estimated  by  tbft 
rapidity  with  which  the  pressure  is 
lost  after  allowing  the  pump  to  stop. 
Tlie  terger  leaks  may  be  deteraiined 
by  the  noise  made  by  the  escajiing 
air.  For  the  smaller  ones  the  joinU 
are  sometimes  covered  with  soap- 
suds Eo  that  the  escaping  air  may 
show  itself  by  blowing  a  cluster  of 
bubbles.  After  the  points  which- 
may  show  leaks  have  received  proper 


Pic.  e.fie3. — Oil  wparator  hi  utually  connected  tc 
tbc  oil  which  may  accurnuUta  In  tfae  pine  and  ■] 
be  drawn  ott  pcnodicilly  throuah  the  bottoni  o 
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Pig.  S.Se4. — Method  of  charging  and  diKhanin^  ■  compimkin  pluic.     .4a  thown,  A.  i 
amnionia  cylinder,  B,  anunonii  condenser;  C,  hqiudanunoni*  recsiverj  D.  brine  tank  «Bi 
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Figs.  5,565  and  5,566. — Solid  return  screw  point  bend  with  recessed  ends,  showing  method  of 
using  latter  as  stuffing  boxes  to  insure  tight  joints. 


Fig.  5,564. — Text  continued. 

expansion  pi^in^.  A  drum  of  liquid  ammonia  connected  to  the  system  to  charge  the  plant 
with  ammonia  is  represented  at  £.  At  F,  is  a  drum  connected  to  the  system  to  receive  the 
ammonia  when  it  is  desired  to  empty  the  sjrstem.  Valves  to  drums  £  and  F,  and  purge 
valves  on  the  trap  and  compressor  are  closed.  Starting  with  valve  I,  all  the  valves  on  the 
main  line,  to  and  irom  the  condensers,  will  be  open;  those  on  the  receiver  and  brine  tank  will 
also  be  opened,  so  that  there  will  be  a  clear  passage  from  the  discharge  valve  I,  right  arotmd 
to  the  suction  valve  O.  The  bv  pass  valves  will  be  shut.  Then  shut  the  suction  valve  O,  and 
remove  the  side  bonnet  G.  This  allows  air  to  be  drawn  into  the  cylinder  when  the  piston  is 
moving.  Then  start  the  naachine  and  run  it  until  the  low  i)ressure  gauge  H ,  shows  t ne  pres- 
sure at  which  it  is  desired  to  make  the  low  side  tight.  This  is  ustially  about  150  pounds  to 
the  square  inch.  This  pressure  is  also  high  enough  to  find  most  of  the  leaks  on  the  high  side. 
After  everything  has  been  pronounced  right  the  compressed  air  is  allowed  to  escape  through 
the  puxge  valves  on  the  trap  and  receiver,  so  that  any  loose  scale  and  dirt  will  be  ke]>t  away 
from  the  compressor.  The  system  is  now  full  of  air  at  atmospheric  pressure  and  this  air  must 
be  removed  before  the  ammonia  is  put  in.  To  do  this  the  Purge  valves  that  let  the  air  out 
are  closed .  The  expansion  valves  at  M ,  are  opened  again .  The  compressor  is  now  started  and 
the  air  that  the  compressor  exhausts  from  the  system  is  discharged  through  the  open  purge 
valve  L.  To  prepare  the  system  for  charing  all  the  purge  valves  are  closed,  also  the  by  pass 
valves  and  the  exjpansion  valves  M.  If  it  be  impossible  to  get  the  charging  connection  into 
the  line  as  shown  it  c^n  be  put  anywhere  on  the  liquid  line  between  valves  M  and  N.  When 
charging  the  ammonia  the  valve  N,  can  be  closed.  Either  one^  of  these  valves  must  be  closed 
to  hold^back  the  liquid.  All  the  other  stop  valves  on  the  line  must  be  open.*  A  drum  of 
ammonia  is  now  connected  to  the  system  as  shown  at  B.  If  there  be  a  gatige  glass  on  the 
liquid  receiver  it  is  quite  easy  to  tell  when  there  is  enough  ammonia  in  the  system.  It  is 
on^  necessary  to  choke  off  the  water  on  the  ammonia  condensers  until  the  head  pressure  runs 
up  to  what  it  will  be  under  full  load,  then  the  expansion  valve  M .  is  opened  until  the  desired 
back  pressure  is  obtained.  The  head  or  condensing  pressure  will  be  about  15  pounds  more 
than  tb%  pressure  due  to  the  temperature  of  the  condensing  water  as  it  leaves  the  ammonia 
coi^ensers.  The  back  pressure  will  be  the  pressure  due  to  10  degrees  F.  colder  than  the 
coldest  brine  or  room.  When  the  machine  is  running  with  these  pressures  there  should  be 
about  six  inches  of  liquid  over  the  end  of  the  outlet  pipe  shown  by  the, dotted  lines  at  C. 
To  ^Uaeharpe,  an  empty  drum  is  connected  as  at  P.  The  empty  drum  is  weighed  and  not 
more  than ,100  pounds  of  ammonia  should  be  allowed  to  run  into  the  drum ,  so  as  to  leave  room 
for  expansion  of  the  ammonia  by  heat.  If  the  liquid  receiver  is  in  a  warm  room  the  empty 
drum  should  be  covered  with  wet  bags  and  ice  laid  on  top  of  the  bags. ,  This  will  condense 
any  vajxnr  that  may  be  formed  in  the  piping  or  drum .  Even  with  ice  on  the  drum  it  is 
sometimes  necessary  to  loosen  up  on  the  union  between  the  receiver  and  drum  to  let  out  any 
dead  vapor. 
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attention,  the  system  should,  for  a  ccmsiderable  time,  hold  the  pressure 
without  sensible  loss.  In  this  connection.however.it  must  beremanbered 
that  the  air  as  it  leaves  the  compressor  will  be  heated  by  the  work  of 
compression,  and  as  it  loses  this  excess  heat  in  the  coils  Uiere  will  be  a 


Fics.  E.SeTandE.M 
methoir    •-    - 

nected _ 

evapoiBts  in  th«  battle.    Any 
petoenta«e      --■■--■--  -  '  - 


, drawn  m  Bnd  aTlowed  to 

the  liquid  will  remain  in  the  bottle  and  the 
ihould  be  evxpoiated  through  ft  sdaU 


Pig.  5,560.— Diffi 
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corresponding  loss  of  presstire.  After  equality  of  temperature  with  the 
outside  air  has  been  reached,  however,  the  turner  loss  of  presstire  should  not 
be  appreciable. 

Ques.  What  examination  should  be  made  of  air  and 
of  ammonia  macliines  before  operation? 

Ans .  With  the  air  machine  no  further  preliminaries  are  needed 
beyond  the  examination  necessary  to  insure  the  proper  mechan- 
ical condition  of  the  compressor  and  steam  cyUnders.  With  the 
ammonia  machine,  however,  it  is  necessary  next  to  exhaust  the 
air  from  the  entire  system  by  working  the  pumps  and  discharging 

through  valves  provided  for  this  purpose. 

SA^£h\      ^^-.^  When  the  gauges  show 

/    y^^vV  the    highest    vacuum 

/  //^  \\  which    can  be    main- 

WAT£A  tained,  the   valves   are 

closed  and  the  system  is 
ready  for  charging.  The 
ammonia  is  ususdly  pro- 
vided in  steel  flasks  con- 
taining a  known  weight 
of  the  liquid. 

Sulphurous     Acid 
System. — This  sjrstem 


eeA/o£fs/s£^ 


Fig.  5,570. — ^Ejector  for  cleaxitng  out  condenser  pipes. 


has  been  largely  developed  by  Raotil  Pictet.  It  has  the  ad- 
vantage of  requiring  only  comparatively  low  pressures,  and 
sulphurous  acid  is  a  good  lubricating  medium.  This  fact 
simplifies  mechanical  details  of  the  machine  and  it  is  in  use  to 
some  extent  on  the  continent  of  Europe  for  small  plants  where 
the  service  of  a  skilled  engineer  is  not  practicable. 

The  main  objection  to  the  use  of  this  refrigerating  agent  is 
the  great  tendency  of  sulphurous  acid  to  take  up  moisture  and 
change  to  stdphuric  acid,  consequently  great  precautions  must 
be  taken  to  avoid  leaky  joints. 

The  Pictet  compressor  differs  only  slightly  from  the  ammonia  compressor,, 
and  the  system  appears  more  simple  th^  the  ammonia  compressor  system^ 
because  of  the  omission  of  oil  separators  and  rectification  apparatus. 
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tem.  All  the  niBehuwry  is  conteined  in  ft  aiorie  rotor  or  "duqib-bell'' which  coraiatB  o£  two 
hollow  bronze  btlla  on  a  hollow  shift.  This  shaft  revolves  in  two  ordinary  babbitt  beorinfta 
and  as  it  rovolves  one  of  the  belto  grows  hot  and  the  other  coM.  The  cold  bell  revolve*  m 
the  ice  mskiDS  tank  B .  and  the  hot  bell  in  ts.nk  L  of  Hewing  water  which  constantly  »- 

very  cold,  so  cold  that  a  can  of  fresh  vater  partly  immersed  in  this  brine  will  fmse  into 
solid  ice.  The  brine  lanlc  B  b  filled  withrowa  otgalvaniMid  steel  cans  S,  and  tho  revolv- 
ing cold  end  M  chills  the  brine  and  also  cstisea  it  to  circulate  throng  the  rows  oC  ice  csiu 
slowly  freezing  the  fresh  w^ter  inside  the  cans.  The  rotor  M  M  is  driven  by  sny  convenient 
power  for  the  pulley  P.  Refrlferetlaru  Ingoolingarefriaeratororooldroom.  biineia  c«a- 
tomadly  circulated  from  the  bnne  cabinet  B,  by  a  small  pump,  through  the  pipe  coila  in  the 
lefrigerator  and  returned  to  the  brine  cabinet.  Eicept  for  this  necessary  piping  the  retria- 
eraung  unit  diSers  in  no  way  from  the  ice  raslcer  illustrated.  The  brine  pump  may  be 
6t  any  suitable  type  and  the  belt  driven  either  from  the  main  shaft  of  the  machine  or  by  a 


NOTE. — Audiftrtn  operating  hlnMi  Sufficient  cooling  water  must  alwsya  be  Sowing 
through  the  condenser  tanlc  L.  when  the  machine  is  running.  In  ease  the  water  supply  is  cut 
off,  the  condenser  will  overheat,  but  no  dangerous  piessuns  can  be  generated.  Should  the 
condenser  be  pennitied  to  rise  over  80  or  »B»^.,  the  counterweight  v^l  turn  over  within  the 
bell  with  a  characteristic  thumping  noise.  This  u  a  signal  to  shut  the  machine  down  at  once. 
as  further  oper2.tiDn  may  cause  internal  damage.  The  turnover,  however,  absolutely  prevents 
further  Eeneratcon  of  pressure.    To  resume  operation,  it  is  necessaiy  to  cord  the  conaeaser  to 

bell  and  leas  power  to  drive  the  machine.  More  hwil  will 
Ltures  than  at  low.  In  nuxking  Ice,  it  is  advantageous  to 
narvcsi^  ice^irom  a  lew  cans  several  times  a  day.  refilling  the  cans  and  replacing  them  in  the 
brine.  This  prevents  fluctuations  of  brine  temperature  and  maintains  a  neneral  high  level. 
The  brine  should  be  kmt  strong,  between  70°  and  80°  salanometer.  Weeb  brine  wUl  f  reeiB 
on  the  cold  end  M,  and  reduce  the  output  of  the  machine,  or  stall  the  motor  by  rubbinff  on 
the  hood.  In  maldne  up  brine  allow  it  to  cool  thoroughly  before  starting  machine.  AUow 
only  the  rim  ot  the  cold  end  to  dip  in  the  brine  until  the  temperature  of  the  bnne  is  32°  or  lower. 
Then  make  up  to  the  normal  level — .just  below  the  bottom  of  the  can  rack.  Scale  fo'--.^>n'> 
on  either  bell  must  be  periodically  removed  to  prevent  loss  i  ""    '^  '  "  '         '  ' 

bearings  must  be  kept  filled  with  machine  oil.    Machine  must 
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Ethyl    Chloride    Sy8tem,^The    chemical    ethyl    chloride 
(CtHfCl)  has  desirable  features  t<x  refrigerating  work.   ' 

iS*  F.,  permanent  gases 

Havine  no  chemical  affinity  with  eitber  air  or  water,  no  chemical  change 
could  take  place  should  by  accident  rither  air  or  water  be  introduced 
into  the  machine. 


Tefrigemnt  and  lubricant  conUiaer  and  fillias 
ride  is  put  up  in  Eeamless  drawn  ateel  drumi  u  ahown.  The  drum 
anil  valve  are  teited  to  300  lbs.  bydiuttstic  pressure.  A  drop  forged  steel  wrench  is  pro- 
vided tor  operating  the  valve.  The  weight  of  the  container  and  50  lbs.  of  ethyl  chloride 
u  86  lbs.  The  lubricant  is  chernically  pur^  glycerine,  it  being  important  that  only  the 
chemically  pure  lubricant  ihould  be  used^  with  the  syBtem.  It  is  furnished  by  the  Clothel 
Co.  under  the  trade  name  of  "Clotheline.''  The  cut  also  shows  a  can  of  the  lubricant  and 
nUing  hose  for  charging  and  drvning  the  system. 

It  is  a  neutral  chemical,  consequently  no  corrosive  action  ever  takes 
place.     Copper  can  be  used,  if  desirable,  with  soldered  joints. 

It  is  neither  deleterious  nor  obnoxious,  and,  should  occasion  require, 
the  engineer  can  work  in  its  vapors  without  inconvenience. 

The  boiling  point  being  high,  via.;  54.5°  F.,  at  atmospheric  pressure, 
it  liquefies  at  low  pressure.  la  ordinary  use  with  the  condenser  water  at 
66°  P.  the  gauge  pressure  will  be  about  15  lbs.  per  sq.  in. 
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The  comparative  table  of  presstires  for  various  refrigerants, 
show  the  very  moderate  pressures  of  ethyl  chloride  which  indi- 
cates an  easy  working  cycle;  with  comparatively  little  loss  of 
chemical  from  leakage  around  the  stuffing  box  of  the  compressor. 

Absolute  Pressure  Exerted  by  Varioas  Refrisrerants 

at  Different  Temperatures 


Temp.  Deg. 
rair. 

Anhy. 
Ammonia. 

Ethyl 

Carbon 
Dioxide. 

Sulpliiir 
Dioxide. 

0 

30.8 

4.1 

314  5 

10.3 

5 

34.2 

4.7 

3350 

119 

10 

38.3 

5.4 

362  8 

13  4 

15 

42.9 

6.1 

391  7 

15  3 

20 

48.0 

6.9 

422  5 

17.1 

25 

534 

7.8 

455.7 

19.4 

30 

50.4 

87 

490  0 

21.6 

35 

659 

9  7 

526.2 

24  3 

40 

73.0 

10  8 

5652 

27.0 

45 

80.7 

12.0 

607.2 

30.1 

50 

89.0 

13  3 

650.0 

334 

55 

97.9 

14.8 

696  7 

37  0 

60 

107.6 

16.3 

745.0 

41.0 

65 

118.1 

18  0 

7955 

45.2 

70 

129.2 

19.9 

849  3 

49.7 

75 

141.2 

22.0 

906.5 

54.6 

80 

154  1 

24.2 

967.0 

59.9 

The  tables  which  follow  giving  the  working  pressures  of  ethyl 
chloride  and  vacuum  and  corresponding  brine  temperatures, 
have  been  made  up  (by  the  Clothel  Co.)  from  averages  taken 
from  several  installations  under  actual  working  conditions,  and 
win  vary  slightly  with  diflEerent  conditions;  however,  they  give 
the  approximate  relations  which  should  exist  between  the 
temperature  of  the  condensing  water  and  the  pressure,  and 
between  the  temperature  of  brine  and  the  vacuum. 
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Working  Pressure  of  Ethyl  Chloride 


Gauge 

pressure 

lbs. 


Approximate  temperature 

of  outgoing  condensing 

water 


10 60* 

16 71* 

20 81* 

25 91* 

30 96* 

35 106* 


Vacuum  and  Corresponding  Brine  Temperatures 


# 

Approximate 

Appraximate 

Inches 

temperature 

Inches 

temperature 

vacuum 

of  outgoing 

vacuum 

of  outgoing 

brine 

brine 

22 

4* 

14 

31* 

21 

8* 

13. 

34* 

20 

12* 

12 

36* 

19 

16* 

11 

39* 

18 

19* 

10 

41* 

17 

23^ 

9 

43* 

16 

26* 

8 

46* 

15 

29* 

7 

48* 

In  the  ethyl  chloride  system  there  is  no  direct  relation  between  the 
temperature  of  the  brine  and  pressure  on  the  condenser,  or  between  the 
vacuum  on  the  machine  and  the  pressure  on  the  condenser.  The  pressure 
on  the  condenser  varies  in  accordance  with  the  temperature  of  the  con- 
densing water  and  the  amount  of  the  water  used  as  in  the  table  just  given. 
The  vacuum  depends  on  the  amount  of  work  which  the  machine  is  doing, 
and  this  also  regulates  the  temperature  of  the  brine. 

Prom  the  tabulation  it  will  be  noted  that  ethyl  chloride  is  admirably 
adapted  to  refrigerating  work  in  the  tropics  or  in  localities  where  the 
water  available  for  condensing  purposes  has  a  high  temperature  or  the  sup- 
ply is  limited.  At  a  temperature  of  70*  P.  sulphur  dioxide  has  a  pressure 
of  49.7  potmds  absolute,  Anhydrous  Ammoma  129.2  pounds  absolute, 
carbon  dioxide  849.3  pounds  absolute  and  ethyl  chloride  only  19.9  pounds 
absolute  which  is  a  low  pressure  and  safe  to  handle. 

Ethyl  chloride  has  been  passed  upon  by  the  National  Board  of  Fire 
Underwriters  and  by  the  United  States  Government  for  use  on  naval  ships. 


J 
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CO2  System. — ^The  chemical  carbon  dioxide,  variously  called 
carbonic-anhydride,  carbonic  add  gas  or  simply  CO2,  and  used 
as  the  refrigerant  in  this  system,  is  made  up  of  molecules  con- 
taining one  atom  of  carbon  and  two  atoms  of  oxygen  and  has 
the  chemical  symbol  CO2.  It  is  heavier  than  air,  its  specific 
gravity  being  1.529,  that  of  air  being  1.  Under  atmospheric 
pressure  it  liquefies  at  a  temperature  of  124**  below  zero  Fahren- 
heit. 


HighPrawufc 


Fig.  5,677. — Carbonic  acid  system  with  brine  circulation.  It  cortaUta  mnentUMg  of  an 
evaporator,  compressor  and  condenser.  In  operation,  the  heat  required  for  evaporation 
is  furnished  by^  brine  which  surrounds  the  pipes,  or  by  air.  The  gas,  as  it  leaves  the  com- 
IHnssor  passes  into  a  separator  where  the  glycerine  impinges  against  the  sides  c^  the  vessel 
and  adheres  to  it  as  it  has  no  affinity  for  carbonic  acid;  the  glycerine  then  falls  to  the  bottom 
of  the  separator  and  is  drawn  off  from  time  to  time,  while  the  gas  passes  on  into  the  con- 
denser. 


The  boiling  point  of  water  being  far  above  the  atmospheric 
temperature,  heat  must  be  applied  to  bring  it  to  the  boiling 
temperature.  The  boiling  point  of  liquid  carbonic  anhydride 
being  much  lower  than  the  temperature  of  the  atmosphere, 
it  absorbs  from  its  surroundings  the  necessary  heat  to  cause  it 
to  boil  or  evaporate. 
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Commercial  carbonic  anhydride  is  manufactured  from  coke, 
magnesite,  etc.  Formerly  large  quantities  of  commercial  gas 
were  obtained  from  the  fermentii^  tubs  in  breweries.  After 
being  liquefied  under  high  pressure  the  gas  is  charged  into  steel 
drums  of  either  20  lbs.  or  50  lbs.  capacity  and  it  is  then  ready 


Pig.  8,878.— Kroweliall  Tertksl  *mUe- 
actins  itoua  msriaa  type  orboiuc 
uihydnda  (COi)  compreMor.  /nocin- 
ttruetton,  the  cyliaders  4re  cut  in  a 
fiotid  btac3c,  th«  bore,  valv«  chamber* 
and  valva  ports  being  naduiMd  in  the 
block.  A*  tba  entire  cylinder  »  made 
in  one  piece,  and  all  volvei  are  placed 
diiecthr  in  ths  cylinder,  there  are  no 
jointa  In  the  bore  over  which  the  piiton 
must  travel.  The  difcharnnnMnue 
in  the  cylinder  vaiiea  ftom  BO  to  80 
Btmoepbcns     depending 


ttety  TaWe  ia  placed 

re  diannel  be" 


in  the  high  presture  d-_ _ 

the  discharge  valvee  and  the  discharge 
stop  valve.  Tba  purpose  of  this  valve 
is  two  fold.  ItwillTeUevethecylindec, 
also   the  rtfrigeiating  nstem,  of   a 

mal,  in  case  of  fire  or  thnugh  lack  of 
condeuer  water,  and  it  will  also  guard 


operation  without  first  opening  the  dis- 
charge stop  valve.  As  the  oiwaiog  of 
the  lafety  valve  ia  Bdcompanied  b^  a 
loud  report,  tt  will  direct  the  attention 
of  the  opeistor  to  the  compressor, 
When  the  excess  pressure  has  been 
relieved  and  the  pressure  lu  tlic  cylinder 
againbecDmeanormal,  the  safety  valve 
dosesautasistically.  The  aslely  valve 
is  designed  to  blow  off  at  a  pressure 
con^deiably  below  that  to  which  tbe 
compressor    and    other    Tefrigerating 


to  be  placed  on  the  market.     Carbonic  gas  is  extensively  used 
for  carbonating  beverages. 

Carbonic  anhydride  is  neutral  toward  food  products  and  all       i 
other  materials.     It  is  odorless,  non-explosive,  non-inflammable       i 
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and  cannot  become  a  source  of  danger  to  life  or  property. 
Unlike  other  refrigerants  it  does  not  become  a  menace  in  time 
of  fire,  instead  it  is  a  fire  extinguisher. 

Carbonic  anhydride  is  supplied  in  steel  cylinders  and  can  be 
procured  almost  anywhere  at  a  cost  of  a  few  cents  pCT  lb. 


application  of  awchBiiicaJ  nfiiGeration  to  modem  dairy  work.     la 
isoriacoooected  to  Bcombiiied  ice  making  and  brine  coaling  tank ftmt 


Ether  System.— This  method  of  refrigeration  has  never  come 
into  «ttensive  use  owing  to  the  relatively  large  compressor  neces- 
sary, but  more  especially  to  the  inflammability  of  ether  and  the 
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great  liability  to  explosion.  The  great  advantage  of  ether  is  that 
it  requires  only  a  low  pressure  in  the  condenser,  which  is  of  no- 
little  importance  m  warm  climates,  and  which  has  led  to  its  use 
by  the  British  military  authorities  in  several  campaigns  in  Africa. 
The  low  pressure  is  also  favorable  for  the  maintenance  of  tight 
joints,  and  the  simplicity  of  the  working  parts.  Another  impor- 
tant fact  in  connection  with  military  operations  is  that  as  ether  : 

tlve 


1%  Itod 

Cundthscr 
casing  «w"8 

pMty 
Insuldttd  An  CnnV 

tjr*«fl  Old  -  VSft 


circuUting 

Vto.  S,S8Z. — Ban  DuiioB  carbonic  add  ntrigentip^  maddiie.    The  con^renor  I(  diNEl 
'  'o  the  body  of '' 

wiUi  tba  eyaporator^  coil  through 


ith  the  condeoBBT,  mil  insulated  from  6sni«,  and  conUininstha  bvmi- 
" cxpandon 


valve  abowD  at  the  top  nithin  easy  reach,  and  each  coil  a  provided  with  a  pmsurs  SaoBe, 
the  one  st  the  right  bona  the  low  presnn  and  at  the  left,  the  high  pressure  gau^.    Tbe 
brine  ia  ciiculatea  thnnigfi  the  cool^  by  TOeans  of  a  anaH  briae  pump  attached  Xo 
shaft.  ^ 
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JFin.S.BSS.  DboBinmatlc  plan  view  of  Alten  denK  air  machine.  The  toIIovEng  an  the  im- 
portant porti:  A.  The  ■teamcyllndn' which  furnktiMthcpowcrloitacnnlcBhBft.  to  which 
the  air  compmor  and  the  eipander  are  linked.  The  letten  refer  to  the  oppoaite  diagram. 
B,  The  air  compmaor  cylinder  which  comprosei  the  afi  to  about  three  timei  the  enlerios 
Iireoure.  As  this  caUMB  the  air  to  heat,  Ihe  cylinder  ig  surrounded  liv  a  water  iacliet  to 
make  lubrication  practLcabie.    The  compreaalon  cyiindei 
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is  in  a  liqtiid  state  under  ordinary  conditions  of  temperature  and 
pressure,  it  can  be  drawn  out  of  the  plant  at  any  time  and  stored 
in  drums,  thus  making  this  type  of  machine  easily  and  quickly 
portable. 

The  oompressor  required  is  very  much  larger  than  in  an  ammonia  machine 
of  Uke capacity,  and  its  generally  massive  construction,  and  larger  consump- 
tion of  coal  ana  water,  added  to  the  great  fire  risk,  have  seriously  handi- 
capped the  ether  machine  for  ordinary  commercial  use. 


Pig.  5,583. — Text  continued, 

temperatitfe  of  the  water.  The  return  air  cooler  which  still  further  reduces  the  tempera- 
ture of  tlM  air.  D ,  The  expansion  cylinder,  to  which  the  cooled  compressed  air  is  admitted 
until  it  fills  one-third  of  tiie  volume  of  the  cylinder.  The  air  su^ly  is  then  cut  off,  and  as 
the  piston  makes  its  full  stroke  to  the  end  of  the  cylinder  the  air  expands  until  the  tension 
is  aoout  normal,  and  the  expansion  cools  the  air  about  as  much  as  the  compression  heated  it. 
It  is  constructed  like  a  usual  steam  engine  cylinder,  with  slide  valve  and  cut  off  valve.  It 
must  cut  off  the  pressure  at  such  a  point  that  the  expanded  air  at  the  end  of  the  stroke  oi  the 
piston  is  very  nearly  of  the  same  pressure  as  the  air  contained  in  the  system  of  pipes.  If  it 
were  of  much  higher  pressure  it  would ,  at  exhausting,  warm  up  again ,  by  exerting  its  remain- 
ing power  in  producing  velocities  and  frictions  inside  of  the  apparatus.  The  air,  therefore, 
leaves  this  cylinder  at  a  very  low  temperattue  and  is  discharge  into  a  well  insulated  pipe 
whidi  conveys  it  to  the  point  of  use;  there  the  pipe  is  exposed  and  the  cooling  is  effected,  the 
air  returning  to  be  used  over.  The  expander  helps  the  steam  cylinder  and  the  air  com- 
I)ressor  takes  the  power.  B,  is  a  trap  placed  ^st  after  the  expander  which  intercepts  any 
oil  and  snow^  the  trap  is  provided  with  a  heating  pipe  and  the  contents  of  the  trap  shotdd 
be  drawn  off  every  few  hours.  The  machine  is  so  arranged  that  at  the  same  time  any 
frozen  deposits  in  the  expander  cylinder  can  be  thawed  and  olown  into  the  trap.  P,  is  the 
water  pump  which  circulates  water  around  the  copper  coil  C,  and  through  a  water  jacket 
which  surrounds  the  working  cylinder  of  the  air  compressor  B,  in  order  to  prevent  the  heat 
injuring  the  i>ackings.  ^  G,  is  a  small  air  compressing  pump  which  takes  air  from  the 
atmosphere  and  pushes  it  into  the  machine  and  pipe  system.  This  charges  the  system  with 
the  requisite  air  pressure  when  the  machine  starts  to  work,  and  maintains  the  pressure  against 
leakages  occurring  at  the  stuffing  boxes  and  joints.  This  air,  of  course,  contains  the  usual 
atmospheric  moisture,  and  to  expel  this,  the  outlet  pipe  from  this  pump  passes  the  air  through 
the  trap  H. 


*N0TB. — ^In  the  Allen  denae  air  machine,  where  the  same  air  is  used  over  and  over  again, 
additional  moisture  can  only  come  from  the  sniall  make  up  air  supply,  and  most  of  this  is  re- 
moved by  the  trap  provided  for  this  purpose.  In  operation  this  trap  should  be  watched  in 
order  to  make  sure  that  its  action  is  efficient  and  that  there  is  no  danger  of  the  passage  of  water 
over  into  the  expansion  system.  In  routine  operation  it  is  usually  desirable  to  clean  the 
machine  by  heating  it  up  and  blowing  out  all  the  oil  and  ice  deposits.  To  this  end  the  valves 
in  the  main  pipes  leading  the  air  to  and  from  the  coils  are  closed .  thus  shutting  off  the  machine 
from  the  remainder  of  the  system.  A  by  pass  is  then  oi>ened,  connecting  the  main  expansion 
pipe  beyond  the  oil  and  snow  trap  witn  the  main  return  from  the  coils.  Connections 
are  then  opened  in  the  so  called  hot  air  pipe  leading  from  the  compressor  cylinder  to  the 
exjMinsion  cylinder,  and  the  expansion  inlet  valve  is  partly  closed.  Live  steam  is  then  let 
slowly^  into  the  jacket  of  the  oil  trap  in  order  to  thaw  out  all  ice  and  hardened  oil,  and  the  ma- 
chine is  run  moderately  for  at  time,  during  which  the  blow  off  valves  of  the  trap  and  expansion 
cylinder  are  frequently  opened  until  everything  api)ears  clean .  Then  the  machine  is  readjusted 
to  its  normal  condition  and  run  as  before.  If  it  should  be  suspected  that  any  considerable 
quantity  of  oil  and  water  have  gotten  into  the  pipe  system  and  are  clo^ng  the  surfaces,  the 
pipes  may  be  cleaned  by  running  hot  air  through  them  and  drawing  on  the  oil  and  water  at 
the  bottom  of  the  manifolds  of  the  refrigerating  coils. 
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PUK.  5.SSi  BQiL .^ ,, 

aeiBtion  for  dry  plates.  la  oparattnt  it  (fis.  5.S84),  mCer  enten  the  prune  niter  itowdcti 
a  live  Bteao  pipe  is  connected  for  clesnuiel.  dnd  afteiwords  puses  to  the  covered  foie 
cooler  where  its  temper^tufv  is  reduced  to  »bout  40  dw«ca  by  the  AmmotuA  -ooils* 
The  overdow  from  this  cooler  is  shown  at  the  liRhC  anil  it  discharies  into  the  tail- 
waymarlced  "overflow"  In  fig.  fi,ASA  »nd  from  it  fellfl  into  the  tul  bay.  A  suction  pipe tslECS 
it  Oonl  this  point  lud  discbsiBeB  it  into  the  vacuum  chamber,  wbue  it  puses  downward 
throu^  corlt  and  thence  through  the  auction  pipe  to  the  pump.  It  will  hie  noticed  that  in 
this  auction  ppe  there  is  a  throttle  valve,  andliy  partially  clouna  this,  any  required  desiee 
<rf  vacuum  may  be  obtained,  which  will  be  indicated  by  the  ganse.  Kow,  the  effect  on  the 
water  caused  by  sloidir  passing  it  through  a  filter  bed  under  a  vacuum,  is  to  separate  the  air 
frooi  the  water,  and  although  it  remains  in  contact  with  it.  still  the  water  does  not  again 
absorb  tba  sir,  but  when  the  whole  is  diichaiged  into  the  head  bay.  the  air  rises  to  the  top. 
aa  ahown,  while  the  deaerated  water  goes  to  the  bottom  and 
latingmam  to  tbs  circulating  header,  when  it  is  ddiveied  to  tl 
into  plates,  for  thi   '   '  ..... 

dry  plate  systems 
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Mechanical  Ice  Maklt^. — The  term  "mechanical  ice  mak- 
ing" as  here  used  relates  to  the  apparatus  and  methods  employed 
in  freezing  ice  into  cakes  for  distribution  by  ice  wagons.  There 
are  two  methods  known  as 

1.  The  can  method; 

2.  Hie  plate  method, 

the  fonoer  being  the  more  extensively  used. 


Tegetah£s,  dairy  supplies,  « — , 

"seuttia  bults"  or  water  cooler*  located  »1  „.., ^ 

preuor,  enaine.  condeiiKr,  liquid  receiver,  oil  oe^^ajator,  t 
etc.,  ia  icauUed  in  a  space  of  SXS  feet. 

Ques.    Describe  the  can  method. 

Ans.  Galvanized  cans  or  moulds  are  filled  with  water,  after 
they  have  been  suspended  the  proper  depth  in  a  tank  of  brine, 
the  brine  being  cooled  by  a  direct  expansion  system  in  the  freezing 
tank. 


REFRIGERATION 


Pig.    6,588,  —  General 


REFRIGERATION 


3,093 


The  time  required  for  freezing  varies  from  40  to  60  hours,  depending 
on  the  thickness  of  the  cakes.  The  longer  the  time  a  given  thickness  is 
allowed  to  freeze  the  better  the  quality. 

In  removing  the  cakes  from  the  cans,  the  cans  are  drawn  out  of  the  brine 


COOLING  WATER 


Fig.  5,589.— Diagram  of  De  La  Vergne  ice  xnaking  plant  showing  the  distilling  system  and 
freezing  tank. 


and  sprayed  with,  or  dipped  into,  warm  water  which  loosens  the  ice  so  that 
when  the  can  is  indined  on  its  side  the  cake  of  ice  slides  out,  the  can  being 
made  tapering  in  shape  so  as  to  facilitate  the  movement. 
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One  man  vith  a  hoist  can  handle  from  ten  to  fifteen  cana  per  hour. 

The  cans  are  filled  with  a  can  filler  which  is  so  constructed  as  to  auto- 
matically shut  o&  the  water  supply  when  the  can  is  filled  to  the  proper 
height.  The  filler  is  inserted  in  tJie  can  and  the  water  turned  on.  As  the 
can  fills  the  ball  floats  and  rises  until  the  can  b  filled  to  the  right  depth, 
when  the  valve  is  automatically  closed. 


Pic.  S.seo. — Sectipnal  view  ct  a  cux  dumper.    The  dumping  box  kt  ctmoccUd  by  a  link  to  the 

valve  autonucicallr  opens,  aad  hot  wetei  ii  EpriiiU^  Over  the  can  ud  Uie  «ke  ^  ice  iitliui 
looseofid. 

making.  The  brine  should  come  as  close  to  the  top  o£  the  can  as  possible, 
and  should  be  somewhat  higher  than  the  water  in  the  can,  unce  allowance 
for  expansion  as  the  water  freezes  is  made  when  the  cans  are  filled.    Cans 

NOTE.— The  cloudy  or  milky  appearance  of  an  ice  cake  ti  due  to  the  preHnce  of  air. 
Thia  ma^  be  due  to  deficient  re-boiling,  the  ovenmrkinc  of  the  la-boiler,  or  more  likely  than 
dther.  to  aa  insufScient  supply  of  steam  to  the  distilled  water  condeniei,  in  which  case  the 


REFRIGERATION 


B  ■nbca  frozen, 

J jnerimendnirtnfiiid  theiiiar.tniinntitvnf 

but  the  time  and  t; 


le  esperimendng  to  fidd  the  exact  qtumtity  of  water  requ^ed, 
id  trouble  will  be  more  than  paid  for  in  the  increased  yield 

A  red  cofe  which  is  occasionally  seen  is  due  to  the  presence  of  carbonajte 
of  iron  which  may  come  from  scale  on  the  pmes  and  which  impregnate 
the  steam,  thence  appearing  in 'ttie  center  of^Uie  ice  cake.  • 

Ques.    Describe  the  plate  method. 


Eclipse  ice  (ilant.  sliowina  the  arrangement  of  the 
The  agitator  is  in  the  aliape  o(  a  propelte  which 

Ans,  Several  vertical  hollow  iron  walls  are  built  in  a  large 
tank.  The  tank  is  filled  with  pure  well  water  so  that  the  iron 
walls  are  entirely  submerged.  The  hollow  iron  walls  are  placed 
parallel  to  each  other  at  a  distance  of  from  two  to  three  feet.  The 
freezing  fluid,  consisting  either  of  cold  brine  or  ammonia,  is 
passed  through  the  hollow  walls,  with  the  result  that  the  water 
will  freeze  on  the  outside  of  the  walls;  the  water  is  kept  in  agita- 
tion either  by  means  of  a  propeller  or  pump,  or  by  compressed       i 
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The  construction  of  the  plate  walls  differs  according  to  the  freezing  fluid 
used.  If  cold  brine  be  ufea,  then  the  brine  has  to  be  cooled  in  a  separate 
refrigerator  from  which  it  is  pumped  through  the  walls  and  back  to  tiie 
refrigerator,  the  same  as  is  done  when  coolmg  rooms  by  means  of  brine 

S'pes.  The  plate  walls  m  such  a  case  are  generally  constructed  of  iron, 
a  account  of  the  expansum  and  contraction  occasioned  by  warm  or  cold 
brine  being  pa^ed  alternately  through  the  hollow  walls,  it  is  very  difScult 
to  keep  them  tight. 

If  ammonia  gas  be  used,  the  walls  are  built  up  of  ezpaasion  pipes,  which, 
connected  at  «u^  end  by  return  bends,  make  one  continuous  zig-zag  ooil. 
To  get  an  even  surface  the  coils  are  covered  with  thin  iron  plates  on  the 
outside  of  which  the  ice  is  frozen.  Loos^iing  the  ice,  when  tnick  enou^, 
is  effected  by  shutting  off  the  cold  ammonia  gas  and  passing  hot  gas  throu|^ 
the  pipes  instead. 

Agitation  of  the  water  in  the  plate  method  is  accomplished  by  means  of 
air  jets  located  midway  between  the  plates,  sometimes  m  the  center,  some- 
times three  or  four  feet  from  one  end  and  sometimes  at  both  ends  of  the 
plates. 

The  harvesting  of  plate  ice  is  similar  to  the  methods  employed  with 
can  ice,  excepting  that  in  use  for  harvesting  block  ice.  Some  use  hollow 
lifting  rods  and  thaw  them  out  with  steam,  others  use  solid  rods  and  out 
them  out  when  cutting  up  the  ice,  and  others  again  use  chains  which  are 
slipped  around  the  cake  when  it  floats  up  in  the  tank. 

The  advantage  of  plate  ice  over  can  ice  is  that,  since  the  water  is  not 
confined  in  a  can,  it  will  freeze  dear,  and  for  this  reason  it  is  not  necessary 
to  distill  the  water,  it  only  being  necessary  to  filter  it. 


NOTS.— To  pMB  at  one  time  cold  and  at  another  time  hot  ammonia  gas  thioosh  the  i 

fi^ee  can  only  be  done  by  bringing  the  pq>e  walla  alteraatety  in  connectiMi  ivith  the  ezpanakn 
and  the  oompiession  side  of  a  iefi^:erattDg  machine,  that  is  to  say,  make  the  pipe  walli  act  at 
one  time  as  a  freeser  and  at  another  as  a  condenser.  To  do  this  special  valve  connections  have 
to  be  made,  which  are  complicated,  and  (to  avoid  accidents)  require  careful  handling. 
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CHAPTER  85 
CONDENSERS 


In  order  to  understand  the  operation  of  condensers,  it  is  first 
necessary  to  know  the  meaning  of  the  term  vacuum.  By  defini- 
tion a  vacuum  is  a  space  void  of  matter  ^  a  condition  regarded  as 
practically  impossible  in  nature,  hence,  by  erroneous  use  and  for 
convenience,  the  term  vacuum  has  come  to  mean  an  enclosed 
space  from  which  the  air  (or  other  gas)  has  been  very  nearly  removed, 
as  by  an  air  pump — this  is,  strictly  speaking,  a  partial  vacuum, 
or  an  enclosed  space  in  which  the  pressure  is  less  than  that  of  the 
atmosphere  and  greater  than  absolute  zero.* 


*  NOTE.— According  to  the  Century  Dictionary,  metaphysicians  of  Elea,  Parmenides 
and  Melissus  started  the  notion  that  a  vacuum  was  impossible,  and  this  became  a  favorite 
doctrine  with  Aristotle.  All  the  scholastics  upheld  the  maxim  that  "nature  abhors  a  vacuum." 
This  is  the  doctrine  of  the  plenists .  Atomism ,  on  the  other  hand .  carried  out  in  a  thoroughgoing 
manner,  supposes  empty  space  between  the  atoms.  That  gases  do  not  fill  space  homogeneously 
is  now  demonstrated  by  the  phenomena  of  transfusion  and  by  the  impulsion  of  Crookes's 
radiometer;  while  the  other  obiserved  facts  about  gases,  taken  in  connection  with  these,  render 
some  form  of  the  kinetical  theory  of  gases  almost  certain .  This  supposes  the  molecules  of  gases 
to  be  at  great  distances  from  one  another  as  compared  with  their  spheres  of  sensible  action. 
This,  however,  does  not  exclude,  but  rather  favors,  Boscovich's  theory  of  atoms,  namely,  that 
atoms  are  mere  movable  centers  of  i>otential  energy  endowed  with  inertia;  and  this  theory 
makes  each  atom  throughout  all  space  in  a  certain  sense.  But  this  does  not  constitute  a  plenum, 
for  a  plenum  is  the  exclusive  occupation  of  each  part  of  space  by  a  portion  of  matter.  It  may  be 
said  that  the  spaces  between  the  atoms  are  filled  by  the  luminiferous  ether,  which  seems  to  be 
the  substance  of  electricity,  but  the  dispersion  of  light  by  refraction  seems  to  show  that  the 
ether  itself  has  a  molecular  structure.  A  vacuum,  in  the  sense  of  a  space  devoid  of  ordinary 
ponderable  matter,  is  produced  (more  or  less  perfectly)  when  the  air  is  removed  from  an  enclosed 
space,  such  as  the  receiver  of  an  air  pump,  a  part  of  a  barometric  tube,  etc.  In  the  receiver  of 
the  ordinary  air  pump  the  vacuum  can  only  be  partial,  since  with  each  stroke  of  the  piston  only 
a  certain  fraction  of  the  air  is  removed  (dependmg  upon  the  relative  size  of  the  cylinder  and  the 
receiver) ,  and  hence,  theoretically,  an  infinite  number  of  strokes  would  be  necessary.  Practi- 
cally,  the  degree  of  exhaustion  coined  falls  short  of  that  demanded  by  the  theory,  owing  to  the 
imperfections  of  the  machine;  thus,  in  the  common  form,  the  exhaustion  is  limited  to  the  point 
where  the  remaining  air  has  not  sufficient  elasticity  to  raise  the  valves.  By  the  Sprengel  or  mercury 
air  pump  a  nearer  perfect  degree  of  exhaustion  is  attainable  than  with  the  mechanical  form. 
The  nearest  approach  to  a  perfect  vacuum  is  obtained  when  chemical  means  are  employed  to 
absorb  the  last  traces  of  gas  left  is  exhausted  by  mercury  air  pump.  The  Torricellian  vacuum 
•—that  is,  the  space  above  the  mercury  in  a  carefully  manipulated  barometer  tube,  is  more 
nearly  perfect  in  this  respect,  but  the  space  contains  a  small  amount  of  the  vapor  of  mercury. 
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At  sea  level  the  pressure  of  the  atmosphere  is  ordinarily  14.7  lbs.  per 
sq.  in.,  measured  above  absolute  zero,  that  is,  the  zero  pressure  of  a 
perfect  vacuum.  The  atmospheric  pressure  gradually  decreases  with 
mcreasing  elevation.  For  instance,  at  H  mile  above  sea  level  it  is  14.02 
lbs.;  at  H  mile,  13.33;  at  Ji  mile,  12.66;  at  1  mile,  12.02;  at  IJi  miles, 
11.42,  at  l}4  miles,  10.88,  and  at  2  miles,  9.8  lbs.  per  sq.  in.  For  a  rough 
approximation,  the  pressure  is  said  to  decrease  y^  lb.  for  each  1,000  ft. 
of  ascent. 

At  any  given  point  the  atmospheric  pressure  is  continually  varying,  being 
influenced  by  weather  conditions. 

To  measure  the  pressure  of  the  atmosphere,  take  a  glass  tube  about  three 
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Figs.  5,595  to  5,597. — Measuring  the  pressure  of  the  atmosphere  with  mercury  column.  Take 
a  3  foot  glass  tube  closed  at  one  end,  fill  it  with  mercury  as  in  fig.  5,595,  invert  as  in  fig.  5,596. 
and  submerge  the  open  end  in  a  cup  of  mercury  as  in  ng.  5,597.  The  column  of  mercury  will 
fall  in  the  tube  until  its  weight  is  just  balanced  by  the  pressure  of  the  atmosphere,  thus  indi- 
cating "in  inches"  the  pressure  of  the  atmosphere.  The  device  as  shown  in  fig.  5,597  is  called 
a  barometer. 


feet  long,  closed  at  one  end,  and  fill  it  with  mercury  as  in  fig.  5,595,  close 
the  open  end  with  the  thumb  to  prevent  premature  escape,  and  invert  it, 
as  in  fig.  5,596,  and  placing  the  open  end  in  a  cup  of  mercury,  as  in  fig.  5,597. 


When  the  thumb  is  removed  from  the  open  end  of  the  glass  tube  the  mer- 
cury inside  will  recede  from  the  closed  end  of  the  tube  until  the  column 
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stands  approximately  30  ins.  above  the  level  of  the  mercury  in  the  cup, 
and  since  a  cu.  in.  of  mercury  weighs  .4916  lbs.,  the  pressure  of  the  atmos- 
phere when  the  mercury  coliunn  stands  30  ins.  high,  is 

.4916X30  =  14.74  lbs.  per  sq.  in. 

Now  if  the  end  of  the  barometer,  instead  of  being  closed,  were  put  in 
communication  with  the  inside  of  a  condenser  the  mercury  wotild  fall  in 
the  tube  until  its  height  indicated  the  difference  between  the  atmospheric 
pressure  and  the  pressure  in  the  condenser.   Thus,  in  fig.  5,598  the  barometer 
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Pigs.  5,598  and  6,599. — ^The  meaning  of  a  24  inch  vacuum  "referred  to  a  30  inch  barometer."" 
According  to  the  vacuum  gauge  the  condenser  here  shown  is  operating  under  a  24  inch, 
vacuum.  This  means  that  if  a  glass  tube  H,  whose  lower  end  is  submerged  in  a  cup  of 
mercury,  have  its  upper  end  connected  to  a  branch  pipe  leading  to  the  condenser,  on  opening 
valve  M,  the  mercury  will  be  "sucked  up"  in  the  tube  to  a  height  of  24  inches  above  the  level 
of  the  mercury  in  the  cup.  Strictly  speaking  it  is  not  correct  to  say  "sucked  up,"  because  the 
mercury  is  in  reality  "pushed  up"  by  the  weight  of  the  atmosphere  which  presses  downward 
against  the  exposed  surface  of  the  mercury  outside  of  the  tube.  Opposing  this  pressure  is  a 
baick  pressure  in  the  condenser  equivalent  to  6  ins.  of  mercury,  hence  the  mercury  in  H,  glass 
stands  at  only  24  ins.,  instead  of  at  30  ins.  as  in  the  barometer  O,  where  there  is  no  back  pres- 
sure opposing  the  pressure  of  the  atmosphere .  Now  evidently  the  condition  of  24  inch  vacuum 
with  6  inch  back  pressure  in  the  condenser  can  only  exist  when  the  barometer  stands  at 
30  inches  as  explamed  in  the  text,  that  is 

vacuum+ condenser  pressure  ^atmospheric  pressure 
24     +  6  =  30 

Accordingly  the  24-inch  vacuum,  in  the  condenser,  is  said  to  be  "referred  to  a  30  inch  barom- 
eter "  because  with  the  constant  condenser  pressure  of  6  ins.,  the  column  of  mercury  H,  will 
only  remain  at  24  ins.  as  long  as  the  barometer  O,  is  at  30  ins.,  varjring  in  height  with  O, 
being  always  6  ins.  less  than  O.  Thus  if  the  barometer  drop  to  say  20  ins.  as  in  O',  fig.  5,599' 
the  vacuum  in  the  condenser  would  also  drop  to  20 — 6  »14  ins.  as  in  H'. 
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Of  which  registers  the  pressure  of  the  atmosphere  stands  at  30  ins.  If 
a  similar  tube  H,  be  submerged  in  a  mercury  cup  and  its  upper  end  con- 
nected to  a  condenser  as  shown,  if  there  be  say  a  24-inch  vacuum  in  the 
condenser,  on  opening  valve  M,  the  mercury  will  be  "sucked  up"  in  the 
tube  to  a  height  of  24  inches  or  six  inches  less  than  the  height  of  the  barom- 
eter O.  The  6  ins.  difference  between  the  two  columns  represents  the  afr- 
soltite  pressure  in  the  condenser,  that  is 

absolute  pressure  in  condenser ^CX. 49116  «2.95  lbs.  per  sq.  in. 

The  24-in.  vacuum  in  the  condenser  is  the  difference  between  the 
atmospheric  pressure  (14.74  lbs.)  and  the  absolute  pressure  (2.95  lbs.) 
in  the  condenser,  that  is 

24-inch  vacuum  in  condenser  =«  14.74 — ^2.95=11.79  lbs.  per  sq.  in. 
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Figs.  5,600  to  5,606. — Readings  of  the  barometer  in  ins.  of  mercury  with  equivalents  m  lbs. 
per  sq.  inch  for  different  elevations.  It  should  be  noted  that  although  ordinarily  the  atmos- 
pheric i)ressure  at  sea  level  is  taken  at  30  ir.~.  corresponding  to  30 X. 4911 6 » 14 .74  lbs.  per 
sq.  in. ,  or  roughly  14.7  lbs. ,  there  is  a  atandard.  atmosphere  which  as  taken  by  Marks  arui 
Davie  in  their  steam  tables  is  defined  as  29.921  inches  of  mercury  or  14.696  lbs.  per  sq.  in. 


Now,  what  would  happen  if  the  apparatus  shown  in  fig.  5,598  were 
raised  to  a  high  elevation,  causing  the  mercury  in  the  barometer  tube  O,  to 
fall  to  say  20  ins.  as  in  O',  fig.  6,599?  Evidently,  at  this  high  elevation 
a  24-inch  vacuum  could  not  exist  in' the  condenser,  but  the  absolute  6-inch 
back  pressure  in  the  condenser  ysrould  remain  the  same,  hence  the  mercury 
in  the  mercury  gauge  wotild  fall  to  20 — 6  =  14  ins.  as  in  H',  fig.  5,599. 

If  an  engine  be  attached  to  the  condenser  shown  in  ^g,  5,598  and  there 
was  no  drop  in  pressure  between  the  cylinder  and  the  condenser,  the  working 
conditions  woidd  be  represented  by  the  card,  fig.  6,607.  Note  here  that 
the  exhaust  line  of  the  card  coincides  with  the  condenser  line  corresponding 
to  the  24-inch  vacuum,  which  exists  in  the  condenser.  In  practice  this  is 
not  possible  because  the  exhaust  or  back  pressure  in  the  cylinder  will  always 
be  greater  than  the  condenser  pressure  on  account  of  the  frictional  resistance 
due  to  the  exhaust  pipe,  elbows,  cylinder  passages,  etc.,  giving  some  such 
card  as  in  fig.  6,60o.    Note  here  that  the  cylmder  back  pressure  line  is 
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Savlnft  Due  to  Gondensli^. — ^Whert  an  engine  is  run  without 
a  condenser  the  steam  must  be  exhausted  against  the  pressure 
of  the  atmosphere,  or  14.7  lbs  per.  sq.  in.  Noir  the  natufe  of 
steam  is  such  that  most  of  this  back  pressure  can  be  removed, 
that  is,  if  at  the  end  of  the  forward  or  steam  admissi<m  stroke, 
the  cylinder  full  of  steam  be  chilled  as  by  injecting  cold  water 
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or  exhausting  into  a  cold  chamber,  the  steam  will  condense 
leaving  a  vacutmi  into  which  the  piston  can  return  without 
having  to  force  back  the  atmosphere. 

Thus,  in  fig.  5,612,  steam  is  admitted  during  the  up  stroke, 
and  in  fig.  5,613,  at  the  end  of  the  stroke,  the  steam  is  shut  off 
and  a  spray  of  cold  water  injected  which  causes  the  steam  to  con- 
dense and  occupy  over  1,600  times  less  space,  thus  forming  a 
vacuum.    This  is  the  way  the  historical  Newcomen  engine  ran. 

It  was  called  an  atmospheric 
"*"  engine    because    the    steam. 

pressure  carried  was  but  little 
above  that  of  the  atmosphere . 


Instead  of  condensing  the 
steam  in  the  cylinder,  Watt  im- 
proved matters  by  introducing  a 
separate  condenser.  With  this 
arrangement  the  walls  of  the 
cylinder  were  not  unnecessarily 
cooled  by  the  injection  water, 
and  accordingly  there  was  less 
loss  by  premature  condensation, 
that  is,  condensation  during  the 
up  stroke. 
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It    must   be  evident   that 
since,  by  condensation,  most 


Fig.  6.611.— operation  of  ordinary  lift  pump  vacuum  as  m««ured  hytnches  of  mercury  and 
feet  of  water,  Aa  shown,  the  mercury  in  the  barometer  O,  is  at  30  ms.  corr^pondmg  to 
atmospheric  pressure  of  14.74  lbs.  Now  for  each  lb.  per  sq.  m.  the  correspondfiig  head  of 
water  w  2.30947  ft. .  hence  if  water  were  used  in  the  barometer  instead  of  merwiry  the  height 
of  the  column  of  water  corresponding  to  atmospheric  pressure  of  14.74  lbs.  (30  ins.  of  mer- 
cury) is  14 .74  X2.30947  -34.042  ft. ,  say  34  ft.  The  pump  piston  is  31 .76  ft.,  above  the  water 
level,  at  which  elevation  a  mercurial  gauge  attached  at  H.  would  read  28  ins.  leaving  only 
two  ins.  margin  of  available  pressure  to  overcome  fnction  and  to  lift  the  foot  valve  m.  This 
distance  31 .76  ft.  is  about  as  high  as  would  be  possible  to  lift  the  water  with  the  barometer  at 
30  ins.<  and  in  practice  about  25  ft.  is  considered  the  maximum  lift  for  satisfactory  operation. 
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of  the  back  pressure  is  removed  from  the  exhaust  side  of  the 
piston,  a  considerable  gain  in  power  or  saving  is  the  result. 
The  extent  of  this  saving  depends  largely  upon  conditions  erf 
operation,  the  net  economic  effect  being  equal  to  the  saving  in 
fuel  less  the  cost  of  condensing. 

To  obtain  an  idea  of  the  nature  and  extent  of  the  saving  due 
to  condensing,  consider  first  the  theoreticaj  results  obtained  with 
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1.  Throttling  engine.     2.  Automatic  cut  off  engine. 

In  the  first  instance,  assume  a  throttlinjg  engine  rtmning  non-condensing 
with  80  lbs.  initial  gauge  pressure,  and  J^  cut  off,  as  indicated  by  the 
theoretical  diagram ,  fig.  6 ,614.    The  corresponding  mean  effective  pressure  is 

94.7X1.69 _^^y  ^  65.3 lbs.... (1) 

Now,  if  the  engine  be  operated  condensing,  the  condenser  will  reduce 
the  back  pressxire  to  say  2  lbs. ,  thus  removing  14.7 — 2  =  12.7  lbs.  pressxire 
from  the  exhaust  side  of  the  piston. 

Now  since  the  cut  off  remains  the  same,  for  equal  power,  the  throttling 
governor  will  reduce  the  initial  pressure  to  approximately  86  lbs.  absolute, 
giving  a  m^,p,  of  -    ;  i   .  : 

;  .  ^Xl'^^,-,2  =  65.61bs..... ' (2) 

being  practic^y  the  same  fn,e,p,  as  obtained  in  (1) . 
Pig.  5,615,  is  the  condensing  diagram,  the  solid 
black  area  M,  being  the  portion  d  the  diagram 
due  to  the  condenser. 
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Pigs.  5,614  and  5,615. — ^Theoretical  diagxBms  for  e9ual  power  of  tkrotUing  engine  operating 
non-condensing  (sometimes  ill-advisedly  called  "high  pressure"  operation),  as  in  fig.  6,614, 
and  condensing  as  in  fig.  5,615.  It  shotild  be  distinctly  understood  that  these  are  theo- 
retical cards  for  engines  without  clearance  being  shown  for  simplicity  and  in  oractice  the 
actual  saving  by  condensing  depends  on  many  conditions.  The  solid  black  area  M ,  is  due  to 
the  condenser:  hence,  it  must  be  evident  that  in  governing  by  throttling  when  changing 
from  non-condensing  to  condensing  operation,  the  mitial  pressure  is  lowered  until  the  card 
area  S'&  M  (fig.  5,615)  is  equal  to  S  (fig.  5,614)  thus  maintaining  constant  load.  Also  if 
the  initial  pressure  riemained  the  same  and  condenser  be  added  the  card  area  S,  would  be 
increased  by  the  area  M,  giving  the  cord  L,A,R,P,G  (fig.  5,614)  increasing  the  power  by 
area  M .    This  is  one  way  of  increasing  the  power  of  an  engine. 

Again,  if  the  volume  of  the  cylinder  up  to  the  point  of  cut  off  be  one  cu. 
ft.  (no  clearance),  it  would  require  when  rtmning  non-condensing  one  cu. 
it.  of  steam  at  94.7  lbs.  which  weighs  .2151  lb.,  and  when  rtmning  con- 
densing, one  cu.  ft.  of  steam  at  80  lbs.  pressure  which  weighs  .1829  lb. 
Hence,  when  rvmning  condensing  there  would  be  an  apparent  saving  of 
.2151  —  .1829  =  .0322  lb.  per  stroke,  or 

'^^^\^^l^^  X  100  -  14.97% 
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Consider  now  the  automatic  cut  off  engine,  running  non-condenising> 
with  80  lbs.  initial  gauge  pressure,  and  }i  cut  off,  17.7  lbs.  abs.  back 
pressure  as  indicated  by  tiie  theoretical  diagram  in  fig.  5,616,  giving  a 
mean  effective  pressure  of* 


94.7X2.39 


- 17.7  -38.9  lbs (1) 


Now  if  the  engine  be  run  condensing,  the  condenser  reducing  the  back 
pressure  to  say  2  lbs.,  this  will  remove  17.7 — ^2«=16.7  lbs.  pressure 
m>m  the  exhaust  side  of  the  piston,  hence  the  engine  governor  would  auto- 

I^CUT  OFF  94,7r— ^  \^  CUT  OFF 


94.7 


'l\ 
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A7M05PHCPIC  UNt-^ 
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Figs.  5,616  and  5.617. — ^Theoretical  diagrams  for  equal  power  of  automoHe  cut  o# engine  opet^ 
atixig  non-condensing,  as  in  fig.  5,616,  and  condensijMr,  as  in  fig.  5,617.  Here  the  area  of  the 
card  remains  the  same,  but  its  contour  changes.  Tne  solid  black  portion  S,  is  the  portion 
due  to  condensing,  hence  to  keep  the  power  constant  the  portion  M ,  above  the  atmospheric 
line  is  reduced  by  shortening  the  cut  on  till  M+S  "L.  The  cut  offs  here  shown  are:  }i  non- 
cox^densing,  and  Vt  condensing  are  usually  the  most  economical  cut  offs. 

matically  shorten  the  cut  off  to  some  point  such  that  the  portion  of  the 
card  produced  above  the  atmospheric  pressure  line  would  give  a  mean  effec- 
tive pressure  of  38.9-^-17.7=21.2  lbs.  or  the  same  m,e.p.  of  38.9  lbs.  for 
the  entire  card,  thus  giving  constant  power. 

By  trial  and  error  the  shortened  cut  off  is  found  to  be  l/7th,  thus: 

^"^y-^^ 2 =38.9  lbs.  m.e.p (2) 

The  diagram  corresponding  being  shown  in  fig,  5,617. 

Now,  i^=T^T-Ji«57%of  yif  hence,  the  volume  of  steam  to  be  admitted 
for  ^  cut  off  is  only  57%  of  that  require!  for  J^  cut  off,  and  accordingly 
the  apparent  saving  is 

1— .57 

T^— X100=43% 


*NOTE. — ^In  equations  (1)  and  (2)  above  94.7.  is  abscluU  initial  pressure;  2.39  and  2.95 
is  1+^3^^.  l6g  of  4  and  7  (extensions)  respectively. 
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In  these  two  cases  the  saving  is  the  apparent  saving  for  as 
must  be  evident,  if  a  feed  water  heater  be  used,  the  feed  water 
could  be  returned  to  the  boiler  at  a  higher  temperature  when  oper- 
ating non-condensing  than  with  a  condenser,  because  some  of  the 
heat  is  carried  off  in  the  circulating  water  of  the  condenser, 
which  otherwise  would  be  absorbed  by  the  feed  water. 

Thus  the  temperature  of  the  exhaust  steam  at  atmospheric  pressure  is 
212**  Fahr.,  and  at  2  lbs.  absolute,  126**,  and  assuming  that  with  a 
feed  water  heater  the  water  could  be  heated  to  these  temperatures,  its 
temperature  would  be  212 — 126=86^  higher  non-condensing  than  con- 
densing. Now  since  there  is  a  saving  of  approximately  1  %  for  each  10° 
that  the  feed  water  is  heated,  the  saving  in  this  case  would  be  8.6  %, 
which  must  be  deducted  from  the  apparent  saving,  and  also  the  work  of 
the  condenser  pump  to  obtain  the  net  (theoretical)  saving.  The  work  of 
the  condenser  pump  consists  in  pumping  the  water  used  in  condensing 
the  steam  and  removing  air  from  the  condenser. 

Assuming  2^  for  this  work,  the  net  theoretical  saving  would  be  as 
follows: 

Throttling         Cut  off 
engine  engine 
Apparent  theoretical  saving                                    13.48%  43% 
Increased  saving  by  feed  water  heat- 
ing (non-condensing) 8.6% 


Work  of  condenser  pump 2 


u 


10.6  %  10.6%  10.6% 


Net  theoretical  saving  condensing.. .  2.88  %         32 A  % 

Thus  considerably  more  saving  is  obtained  with  the  cut  off  en^e  than 
with  the  throttling  engine,  which  is  to  be  expected,  because  of  the  mcreased 
expansion  of  the  steam. 

Now  in  practice  the  net  economy  of  condensing  is  somewhat  less  as 
explained  in  the  note  below.* 


*NOTE . — Economy  of  CondenMing,  "  It  is  held  in  the  popular  mind  that  the  economy  of 
condensing  is,  in  rottnd  numbers,  25%.  This  percentage  usually  relates  to  simple  engines  and 
it  refers  to  the  economy  as  measured  by  the  (ufference  in  the  coal  consiunption  produced  by  a 
condenser."  The  evidence  of  some  of  Barrus'  test  shows  that  "this  belief  is  not  well  fotmded 
except  in  special  cases."  "If  the  feed  water  be  heated  by  the  exhaust  steam  of  the  non-con- 
densmg  engine  to  a  temperature  of  100®,  which  is  that  of  the  ordinary  hot  well,  to  a  tempera- 
ture of  210**,  the  non-condensing  engine  can  be  credited  with  about  11%  less  coal  consumption, 
which  should  be  considered  in  determining  consenser  economy."  The  average  of  a  number  of 
Barrus'  tests  gives  a  savixig  produced  by  condensing  of  22.3% .  "If  we  allow  for  the  steam  or 
power  used  by  an  economical  condenser,  it  would  be  seen  that  the  net  economy  of  condensing 
is  at  best,  not  much  over  20%,  based  on  steam  consumption.  If  furthermore,  we  allow  for 
the  difference  produced  by  heating  the  feed  water  to  the  extent  above  mentioned,  the  saving 
of  fuel  wotdd  oe  reduced  to  about  10%." — Barrus, 
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Qassification  of  Condensers. — Because  of  varied  service 
conditions,  there  are  numerous  types  of  condenser,  and  these 
may  be  classed 

1.  With  respect  to  the  method  of  transferring  the  heat  from 
the  steam  to  the  cooling  water,  as 

a.  Direct  contact  (jet  condensers) Cla88 1 

b.  Surface  contact  (surface  condensers) Ckus  2 

Note  these  are  the  two  general  classes  into  which  all  condensers  are 
divided. 


2.  With  respect  to  the  method  of  circulating  the  cooling  water 
in  Class  1 ,  as 

a.  Rain. 
&.  Jet. 

c.  Barometric  or  siphon. 

d.  Exhaust  steam  ejector. 


3.  With  respect  to  the  method  of  circulating  the  cooling  water 
in  Class  2,  as 

a.  Keel. 

b.  Inboard  (commonly  called  "surface"). 

c.  Atmospheric. 

4.  With  respect  to  the  flow  of 'the  water  and  steam,  as 

a.  Parallel  flow. 

b.  Counter  flow. 

5.  With  respect  to  the  degree  of  travel  of  the  steam  or  water 
(extent  of  baffling) ,  as 

a.  One  pass. 

b.  Two  pass,  etc. 
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-IMETHOD  OF  HEAT  TRANSFER 

X         DIRECT  CONTACT 


^CIRCULATING  WATER  METHOD 

WATtft- 


^ORCULATING  WATER  METHOD  -  CLASS  2 


4  FLOW  OF  STEAM  AND  WATER 
PARALLEL  FLOW         icl>*-5TEAM  ..(i-STEAK 


Pigs.  5.618  to  £,fl3Z.— 1 
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CLASS  1:  JET  CONDENSERS 

A  jet  condenser  is  a  closed  vessel  into  which  a  spray  of  cold  water 
is  "injected,"  hence  the  name  "injection"  water  is  usually  given 
to  the  cooling  water.  Fig,  5,633  shows  the  simplest  fonn  of  jet 
condenser.  The  steam  from  the  engine  cylinder  passes  into  the 
condenser  where  it  is  almost  instantly  condensed  by  contact  with 
a  shower  of  cooling  water,  or  so  called  injection  water. 


Fig,  E.S33. — BtemeaUir  Kt  eondeaser  ibowins  CBCotul  parti.    Tbe  pumi>  at  the  right  is 

•>  oDsd  «it  pump  and  erroneooily  called     vacuum  pump"  --- •—  "--  '■' —  "- 

the  {Htmit  produce*  the  vacuum.    It  is,  strictty  apealuDE,  a  cc 


I  (unxuition  that 


Since  each  cubic  foot  of  exhaust  steam  shrinks  to  about  one 
cubic  indi  of  water  when  condensed,  an  empty  space  or  vacuum 
is  thus  created  in  the  condenser.  This  vacuum  draws  in  the 
cooling  water  which  after  contact  with  the  steam  is  removed 
by  a  so  called  air  ptmip. 

There   is   always    a    small  amount  of  air    carried  into   the 


J 
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condenser,  both  with  the  steam  and  with  the  injection  water, 
and  also  a  large  amount  admitted  through  leaks. 

In  this  type  of  condenser  a  single  pump  usyaHy  removes  both 
the  air  and  the  water,  although  in  the  large  sizes  a  so  called 
"dry"  air  pump  is  used  to  remove  the  air  only,  as  distinguished 
from  a  "wet"  air  pump  which  removes  both  air  and  water. 


either  $.  turbine  reciprocating  engine 

It  is  popularly  supposed  that  the  air  pump  creates  the  vacuum, 
but  this  is  not  correct  and  probably  accoimts  for  the  erroneous 
name  of  "vacuum"  pump  for  air  pump.  In  reaHty  it  is  the 
condensation  oj  tke  steam  that  produces  the  vacuum,  whereas  the 
air  pump  merely  prevents  the  vacuum  already  created  by  the  con- 
densation of  the  steam  being  destroyed  by  the  accumulcttion  of  air.  • 

•NOTE.— Ha  dry  »ir  pump  be  sh 
fat  a  cnnsi'lerable  length  of  time  with  nc 
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Ques.    What  detennlnes  the  degree  of  vacuum  hi  the 
condenser? 


PKi.6.635. — PtiaadBow"iet"amdaaa.  Thecond«iser«>iuf>taofBConk>Iorbottl«ihaped 
cutinspiojectiiis  down  into  the  vmlcT end  o{  the  air  pump,  and  having  openinga  in  ita  upper 
parta  for  tleam  and  coolins  water.  Since  the  coolios  nater  cooMa  into  contact  with  the 
cteim  it  will  produce  a  higher  vacuum  with  a  (pven  flow  of  cooling  water  than  will  a  surface 
condenser,  and  the  bulk  and  weight  of  the  condenaer  itaelf  iaalioles.  When  the  condensed 
ateam  is  to  be  pumped  back  into  the  boilers,  the  iaiectiaD  water  goes  with  it,  so  that  in  this 

case  the  water  Bupply  must  beutm  quality  which  la  — '  ----- —  '-  -"—  ' — ' '-•"      ■- 

opmration,  the  exhauat  from  the  en^-**  »"►**■  •>**  ^ 
tKjD  water  at  B .    C,  ii  the  Bpray  [d] 

slits  through  which  the  watecpatseai ._ 

breaicB  the  water  passing  over  it  into  a  floe  spray 

miitiue  of  the  steam  and  water.   Tlie  q>ny  cons  Ii 

water  by  meuiB  of  a  Item  pasdng  through  tM  tn  o(  the 


&t)wtopo(thecondensertawbeelE.  The injectum 
r  throDgh  Ihe  opening  P,  into  the  pump  and  ore  dis- 
jnto  B  hot  wdl  wben  the  dischaige  water  is  to  be  used 


id  condensed  st , 

chaisedinto  a  convenient  waste  pipe,  orjnto  B  hot  wdl  when  the  dischaige  <m 

for  feeding  the  bailers-    The  condensing  chamber  is  ordinarily  made  from  one-third  tc 

half  the  volume  of  the  engine  cylinder  with  which  it  is  to  be  used.  The  injection  water  may 
be  raised  from  a  tank  or  other  supply  by  the  vacuum  action  of  the  condenser,  provided  the 
elentwa  is  not  more  than  20  ft.  If  more  than  this,  some  form  of  pump  must  be  used.  In 
•torHna,  fint  start  the  pump  to  produce  a  partial  vacuum  ia  the  CDndensing  chamber.  This 
causes  the  injection  water  to  enter  through  the  pipe  attached  at  B .  The  main  engine  may 
Dow  be  started,  and  as  the  exhaust  enters  through  A,  it  meets  the  spray;  of  cool  water  and 
ia  rapidly  condensed,  thus  maintaining  a  constant  vacuum.  The  condensing  chamber  tapers 
to  relatiTely  smaU  size  at  the  lower  end ,  thus  causing  a  rapid  flow  of  water  into  the  pump  so 
that  the  air  will  be  discharged  with  it  instead  of  accmnulating  in  the  condenser. 
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Ans.    Theoretically  the  highest  temperature  of  the  water  in 
the  condenser. 

Any  pump  which  takes  air  from  the  condenser  must  necessarily  remove 
water  vapor  with  the  air.  The  vacuum  therefore  is  not  increased  by  pump- 
ing out  this  vapor,  because  since  the  pressure  of  the  latter  depends  on  the 
temperature,  vapor  will  form  faster  than  it  can  be  removed. 


Pig.  5.636. — ^Wheeler  low  level  jet  condenser  with  radojet  air  pumps,  mtiltiplex  atmospheric 
relief  valve,  and  8X>ecial  drive  for  the  removal  ptunps  consisting  of  both  gear  connected 
turtune  ana  direct  connected  motor  providing  for  heat  balance  operation.  In  opfiraiton, 
water  enters  a,  distribution  belt  and  nows  at  nigh  velocity  through  nozzles,  and  is  broken 
into  a  finely  divided  spray,  which  is  carried  downward  by  the^velocity  of  the  entering  ex- 
haust steam  to  the  condenser  base.  The  resulting  intimate  mixture  is  said  to  cause  a  hot 
well  temperature  not  much  lower  than  that  of  the  entering  exhaust  steam.  The  air  intro- 
duced into  the  condenser  with  the  injection  water,  and  by  leaks  together  with  the  vapors 
that  are  non-condensable  at  the  existing  temperature  are  both  drawn  from  the  main  mixtore 
into  an  annular  space  directly  above  the  injection  water  distributing  ring,  where  they  are 
cooled  to  as  low  a  temperature  as  possible  before  being  handled  by  the  air  ptunps.  ^  Automatic 
vacutun  heaters  are  provided  to  protect  main  engine  or  turbine  in  case  of  flooding. 

Low  Level  or  **Jet"  Condensers. — ^The  term  jet,  although  it 
is  applied  too  broadly  to  all  condensers  in  which  the  steam  and 
cooling  water  come  into  direct  contact,  is  generally  used  to  desig- 
nate a  low  level  condenser  in  which  a  pump  is  required  to  remove 
the  water  as  distinguished  from  a  high  level  or  barometric  con- 
denser, which,  as  later  explained,  requires  no  pump.  There  axe 
three  general  types. 
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1.  Parallel  flow. 

2.  Counter-flow. 

3.  Combined  counter  and  parallel  flow. 

Fig.  5,635  shows  the  parallel  flow  type  in  which  the  steam  and 
water  flow  in  the  sattu  direction.  • 

The  coolii^  or  iajection  inter  is  supplied  at  the  top  through  an  adjustable- 
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PiD.  9.S37. — Comter-flow  "jat"  condenser,    la  tM»  arrtmtement  the  steam  and  wOtrJIow  A> 
ottfisite  dbtctions,  that  is.  the  BOtering  stesm  •ncounteis  the  warmeEt  water  and  eonden»e» 

flow  tfay*.  Thiu  the  temperature  of  the  vapars  is  gradually  reduced  as  ^eyapproach  the 
top  of  the  condeDser,  duets  the  proximity  of  the  inamiing  injection  water.  Ultimately  the 
miiture  enterisg  the  niction  pipe  tc  the  vacuum  pump  conauts  of  air  of  relatively  bigh  density 
conqMmd  with  that  of  the  leaidual  water  v^Km. 


The  mixture  of  condensate  and  cooling  water  is  drawn  from  the  bottom 
of  the  condensing  chamber  into  the  pump  and  delivered  either  to  the 
sewer  or  hot  well,  depending  up<m  whether  the  discharge  water  is  to  be 
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In  desigaing  a  condenser  of  this  type  the  volume  of  the  condensing 
chamber  is  usually  made  from  14  to  J^that  o£  the  engine  blinder.  The 
method  of  delivering  the  cooling  water  depends  upon  the  lift.  If  it 
be  not  over  20  feet,  it  may  be  drawn  up  by  suction,  but  if  greater,  a  pump 
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Pio.  fi, ASS  .—Combined  counter-flow  and  parallel  flon  "jet"  condenser. 

should  be  used.  For  high  lifts  of  cooling  water  (15  to  20  feet),  a  griming 
valve  and  overhead  water  supply  will  be  found  desirable  in  starting  the 
condenser;  this  supply  should  be  shut  off  as  soon  as  a  vacuum  is  obtained. 

Fig.  5,637  shows  the  counter  flow  type  of  jet  condenser,  in 
which  ike  steam  and  water  Jlow  in  opposite  directions. 
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With  this  arrangement,  as  is  readily  seen,  the  coldest  water  comes  in 
contact  with  the  coldest  steam,  that  is,  with  steam  in  its  last  stage  of  oondensa- 
tion,  thus  tending  more  to  complete  condensation  in  the  condensing 
chamber  and  requiring  a  smaller  amount  of  cooling  water.  In  this  arrange- 
ment the  cooling  water  and  condensate  fall  to  the  bottom  of  the  condenser 
and  are  carried  off  by  the  injection  water  pump,  but  the  air  rises  to  the  top 
of  the  condenser,  being  cooled  as  it  rises,  and  is  efficiently  expelled  from  the 
top  by  a  so  called  dry  air  pump. 

Fig.  5,638  shows  what  might  be  called  a  combined  counter 
and  parallel  flow  jet  condenser. 

The  air  may  be  carried  off  either  by  a  dry  or  wet  air  pimip.  The  cut 
shows  the  dry  air  pump  tjrpe.  The  air  is  drawn  away  at  A,  a  point  below 
that  where  the  condensation  takes  place. 

Any  attempt  at  making  a  dry  air  p\xmp  connection  at  B,  is  useless,  as  the 
entermg  steam  would  prevent  the  collection  of  air  and  the  net  result  would 
be  the  removal  of  steam  only,  which  would  not  increase  the  vacuum. 


Automatic  Vacuum  Breakers. — To  protect  the  main  engine 
or  turbine  from  flooding,  every  jet  condenser  which  depends  upon 
a  ptmip  for  the  removal  of  the  water  is,  or  should  be,  provided 
with  an  automatic  vacuxmi  breaker,  in  case  the  water  removal 
pump  should  fail.  At  the  usual  rate  of  flow  a  jet  condenser  would 
be  entirely  filled  with  water  in  a  few  seconds  should  the  removal 
pump  stop,  unless  provision  be  made  to  break  the  vacutim  and 
thereby  stop  the  suction  of  the  incoming  water. 

There  are  numerous  types  of  vacuum  breaker  depending  for 
their  action  on  the  principle  of 

1.  Reduced  contact  surface. 

2.  Air  admission. 

a.  To  condenser. 

b.  To  cooling  water  pipe. 

The  reduced  contact  surface  type  consists  simply  of  a  con- 
structed neck  at  the  upper  part  of  the  condensing  chamber  as 
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shown  in  fig.  5,639,  which  with  undue  rise  of  the  cooling  water 
causes  the  condensing  surface  to  rapidly  diminish  it  so  that  it  is 
inadequate  to  condense  the  steam,  thus  causing  the  pressure  to 
rise  within  the  condenser. 
The  air  admission  types  consist  usiially  of  a  ball  float,  placed 


PiO.  5.639. — Low  lefel  panllel  flow  jet  condenser  sbowing  Worthinaton  rtductd  axtact  sar- 
fact  vacuum  breaker,  /n  con*tru£tUm  the  neck  or  upper  port  o£  tiie  condenser  chamber  ii 
mtAt  quite  unall  and  the  cms  iectk>nal  pauaaa  sna.  is  ftuther  constricted  at  this  point 
by  the  cooling  water  fupe.  /rt  OMfvflai^  rapid  condensation  is  due  only  ta  the  large  auiface 
eiposed  by  the  cooling  water  as  it  passes  throufh  tlie  large  section  of  the  condetuing  chambar. 
Due  to  the  constricted  nedc,  any  accumulation  of  water  rapidly  Mmirtislus  Uu  amdtiuimg 
lurfiKe  until  the  spray  cone  itsdf  is  sabmeised,  leaving  only  the  ioull  annular  liny  of  mt«r 
at  AB.  to  act  on  the  large  volume  of  entermgateam.  Tbe  nirtaee  of  thiiiiDr  >~-~ '-- ' — 
'■ '  ■         ■■       ■  -■  B  iniinadiately  rises caiiMoa  the  relief 


engine  and  condenser  to  open  and 
TcEef ---'- ■- ■ '" 


'^ve  the  eihaust  steam  will  blow  out  through  the  coining  water  pipe  and  pi 
...  , — ; '1  the  water  out  of  the  condenser. 
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either  in  the  condenser  proper,  or  in  an  adjoining  and  communi- 
cating chamber,  and  which  upon  flooding  of  the  condenser,  will 
operate  a  valve  and  allow  air  to  enter  the  condenser  chamber 
or  cooling  water  pipe.* 

Pig.  5,640  shows  an 


le  between  the  eagioe  or  turti 
ia  caK  the  condenser  become 


le  coiidenaer  to  proridfl 
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PARALLEL      COUNTER  FLOW 


Pig.  5,811.— High  level  or  barametric  condeRHr;  faratUl  fiou  at  so  called  injector  type.    It 
Fig.  S,M2. — Hish  level  or  barometric  condenser;   cnanlrr  floa  or  diy  air  pump  type.    The 
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High  Level  or  Barometric  Condensers. — ^An  economical 
and  safe  way  to  remove  thej  hot  water  which  results  from  the 
condensing  process  is  to  draw  it  off  by  gravity.  To  do  this  the 
condensing  vessel  is  elevated  to  such  a  height  that  the  column 
formed  by  the  discharge  water  is  sufficient  to  overcome  atmos- 
pheric pressure,  thus  forming  virtually  a  water  barometer,  with 
a  height  of  34  feet — whence  the  name  **barontetric**  condenser. 


Fig.  5,641. — Text  continued, 

conaiBtw  of  a.  steam  discharge  nozzle,  combining  tube  and  tail  pipe  terminating  in  a  hot  well. 
Two  annular  passages  provide  openings  for  the  cooling  water  and  exit  to  relief  pipe.  In 
operation,  the  cooling  water  enters  tne  condenser  at  A,  and  circulates  around  thjs  annular 
passage  B.  falling  through  the  annular  space  C,  between  the  duter  and  inner  con6s,  forming 
a  moving  cone  of  water  D,  with  a  sharp  vortex*  Steam  enters  at  E,  passing  through  the 
inner  cone  or  nozzle  and  meets  the  water  at  C,  imparting  to  it  what  velocity  it  has  on  being 
condensed.  This  tends  to  force  more  water  through  the  annular  space  between  the  inner 
and  outer  cones.  The  condensed  steam,  water,  air  and  non-condensable  vapors  are  brought 
down  through  the  hollow  cone  of  falling  water  D,  and  the  air  and  non-condensable  vajtors 
discharged  through  the  contracted  throat  F,  of  the  combining  tube.  Since  there  is  parallel 
flow  of  the  steam  and  water,  air  and  non-condensable  vaiKjrs,  the  latter  are  forced  by  their 
own  inertia^  to  enter  the  vortex  which  effectiveljr  removes  them .  After  passing  the  throat  F, 
the  combining  tube  expands  to  the  size  of  the  tail  pipe,  thus  reducing  the  frictional  resistance 
of  the  pipe  to  a  minimum.  For  proper  siphoning  of  the  injection  water  the  lift  of  the  supply 
G,  should  not  be  over  20  feet.  Now  if  the  supply  G,  were  very  near  the  exhaust  A,  the 
pressure  tending  to  force  the  water  into  the  condenser  would  be  considerably  increased. 
Accordingly  if  this  condition  obtain,  or  if  a  pump  be  used  and  not  properly  regulated  the  water 
would  enter  A,  faster  than  it  could  pass  through  the  contracted  throat  F.  and  without  the 
overflow  pipe  the  water  would  fill  up  the  condenser  and  probably  back  up  in  the  exhaust 

gipe  and  damage  the  engine.    Hence  under  such^condit tons,  an  overflow  pipe  as  shown  should 
e  provided  for  safety.    A  relief  valve  I,  is  provided,  permitting  exhaust  into  the  atmosphere 
when  desired.  .'.'"• 


Fig.  5,642. — Tevl  continued. 

counter  flow  principal  is  explained  in  fig.  5,637.  As  shown  the  cooling  water  x>asses  out  to 
the  hot  well  through  the  tail  pipe,  the  steam  inlet  being  34  feet  above  the  water  level  in  the 
hot  well.  Air  and  non-condensable  vapors  pass  out  at  the  top  as  shown,  to  the  dry  air  pump 
which  may  be  placed  in  any  convenient  location.  Since  there  is  no  contracted  throat  in  the 
condenser  an  overflow  i)ipe  is  not  necessary  as  the  tail  pipe  is  large  enough  to  carry  off  any 
excess  cooling  water  ^hich  might  enter  the  condenser. 


*  NOTE. — If  a  sealed  tube,  say  30  feet  long,  be  filled  with  water  at  the  open  end  and  then 
inverted  so  that  the  open  end  is  immersed  in  a  vessel  of  water,  the  pressure  of  the  atmosphere 
will  support  the  water  in  the  tube  approximately  34  feet  above  the  water  in  the  vessel  and  in 
the  upper  part  of  the  tube  there  will  be  a  vacuum .  If  more  water  were  admitted  into  the  tube 
at  the  upper  end,  it  would  have  no  effect  on  the  water  level  in  the  tube  hence  if  the  exhaust  from 
an  engine  be  admitted  to  the  tube  at  a  point  not  less  than  34  feet  above  the  water  level  in  the 
vessel  (known  as  the  hct  well) ,  it  would  be  impossible  for  the  vacuum  to  draw  the  water  over  into 
the  engine  cylinder  and  there  would  be  no  danger  of  accident  from  water  reaching  the  cylinder 
unle9»,  the  codling  water  entered  the  condenser  faster  than  it  could  flow  out  without  creating  undue 
ifock  pressure  in  the  tail  pipe,  as  in  the  case  of  pumping  the  injection  water  at  too  great  speed. 
To  guard  against  this  some  parallel  flow  barometric  condensers  are  provided  with  an  overflow 
pipe  to  take  care  of  excess  water,  as  shown  in  fig.  5,641. 
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Pigs.  E.613  and  S.6M.— Tytacd  bish  level  parallel  Bow  banunetric  condenicr  and  tttd  twatvr 

initallitian.  ihoninE  outiids  and  inuds  relief  valve.    Thii  plan  of  water  eupplr  fW'  tba 
condeater  u  available  where  the  head  ol  water  ii  sot  leu  tlian  20  feet  above  the  overflow  [Hp* 
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There  are  two  general  classes  of  barometric  condenser: 

1.  Parallel  flow  or  so  called  injector  type. 

2.  Counter  flow  or  dry  air  pump  type,  as  shown  in  figs.  6,641 
and  6,642  respectively,  which  illustrates  the  principles  of  opera- 
tion as  explained  under  the  cuts. 

Pigs.  5,643  to  6,644  show  barometric  condensers  as  installed 
with  valves  and  piping  necessary  for  their  proper  control. 

Jet  Condenser  Operation. — Where  the  air  ptunp  is  directly 
connected  to  the  engine,  it  starts  and  stops  with  the  engine  and 
its  speed  is  the  same  or  proportionate  to  that  of  the  engine. 

After  the  engine  is  wanned  up  as  usual  and  ready  to  start,  open  slightly 
the  auxiliary  injection  valve  which  admits  water  under  pressure  to  condense 
the  first  few  strokes  of  exhaust  steam,  since  the  air  pump  has  not  established 
a  vacuum.  Then  open  the  throttle  and  gradually  oring  engine  up  to  speed, 
at  same  time  opening  the  main  injection  valve  and  closing  the  auxiliary 
injection  after.  The  admission  of  water  previous  to  starting  protects  the 
vsives  from  the  effects  of  the  heat,  although  when  the  same  are  in  good 
order  sufficient  water  remains  in  the  outfit  to  do  so.  When  running  under 
load  the  vacuum  is  regulated  by  the  opening  of  the  main  injection  "\^ve. 

Should  it  be  necessary  to  run  slow  for  any  reason  the  main  injection 
valve  should  be  proportionately  closed  as  the  speed  decreases  to  adjust  the 
water  admitted  to  the  engine  recjuirements  and  not  let  it  flood  the  pump 
with  the  liability  of  its  getting  into  the  engine  cylinder. 

When  stopping,  gradually  close  the  injection  valve  as  the  speed  decreases, 
having  same  entirdy  shut  by  time  the  throttle  is,  to  allow  the  last  revolu- 
tions of  the  pump  to  remove  the  water.    At  this  time  some  prefer  to  open 


Figs.  5,643  and  5,644. — Text  continued. 

of  the  hot  well.  A  supply  pipe  of  sufficient  size  to  prevent  loss  of  pressure  should  be  used  to 
convey  the  injection  water  from  flume,  pei^tock  or  tank  up  to  the  condenser.  On  this  pipe 
is  placed,  at  the  most  convenient  point,  an  injection  valve  A,  for  regulating  the  supply  of 
water.  A  proi>er  screen  or  strainer  with  a  large  number  of  small  holes  should  be  placed  over 
the  end  of  this  pipe  in  the  flume  or  tank,  or  a  special  box  strainer  of  ample  size  as  shown  at  B , 
shotdd  be  placed  on  the  pipe.  The  advantage  of  this  form  of  strainer  is  the  convenience  with 
which  it  can  be  opened  and  cleaned.  The  cross  pipe  and  valve  shown  at  C,  is  for  the  purpose 
of  starting  the  vacuum  in  the  discharge  pipe  of  condenser,  and  when  sufficient  vacuum  is 
formed  to  cause  the  water  to  flow  up  the  supply  pipe  and  through  the  condenser,  then  this 
special  valve  C,  is  closed,  and  the  amount  of  injection  water  is  adjusted  by  the  injection  valve 
A.  If  the  head  of  water  should  fall  to  about  10  feet  above  overflow  of  hot  well,  after  the 
vacuum  is  once  formed,  the  condenser  will  continue  to  syphon  its  water  as  long  as  the  vacuum 
is  kept  up. 


CONDENSERS 


CONDENSERS  3,125 


After  the  spray  valve  is  once  adiusted  for  best  results  it  is  seldom  touched. 
All  regulating  being  in  connection  with  speed  of  pump  and  the  injection 
valve.  The  handling  of  spray  valve  may  be  summed  up  as  follows:  When 
it  is  remembered  it  is  usually  the  diflference  of  pressure  between  the  outside 
and  inside  of  the  condenser  that  causes  the  water  to  rise  and  enter  same,  it 
will  be  readily  seen  that  the  water  has  considerable  pressure  back  of  it, 
and  if  the  slots  in  the  spray  head  be  partially  open,  part  of  the  water 
spurts  out  to  a  greater  distance  than  if  the  head  were  completely  open 
and  thus  more  nearly  fills  the  condensing  chamber,  giving  greater  area  for 
condensing  the  steam  which  is  the  condition  desired. 

If  the  valve  be  open  too  wide  the  water  simply  rolls  over  the  edges  of 
the  spray  plate,  presenting  less  area,  so  that  the  vacuum  drops  and  the 
condenser  heats  up,  no  matter  how  far  the  injection  valve  is  opened.  A 
■  wide  open  valve  would  flood  the  condenser,  again  reducing  the  condensing 
area  and  if  the  speed  of  the  pump  has  not  been  changed,  the  increased 
weight  of  water  to  be  handled  will  reduce  its  speed  and  cause  a  still  greater 
loss  of  vacuum,  finally  opening  the  automatic  valve.  So  with  variable 
load  it  is  customary  to  run  the  condensing  apparatus  for  maximum  load 
the  greater  part  of  the  time  to  be  ready  for  it  when  it  comes. 

If  the  vacuum  decrease  and  the  speed  of  the  pump  be  about  right,  try 
adjusting  the  injection  valve,  then  speed  of  pump  and  work  the  two 
together.    In  severe  cases  the  spray  valve  might  have  to  be  moved. 

When  shutting  down,  dose  the  throttle  first,  then  the  injection  valve, 
then  after  the  engine  has  stopped  shut  down  the  air  pump,  which  has  now 
had  time  to  remove  the  water  from  the  piping,  condenser,  etc. 

Some  stop  by  shutting  down  the  condenser  valve  and  letting  the  engine 
exhaust  outboard.  When  using  an  independent  pump  it  is  proper  to  run 
it  at  such  a  speed  that  its  action  indicates  slipping.  Slipping  means  that 
the  piston  reverses  so  quickly  at  the  end  of  its  stroke  that  the  valves  in 
the  water  end  do  not  seat  before  the  direction  of  the  piston  is  reversed, 
although  the  steam  end  is  taking  as  great  a  volume  of  steam  as  when  the 
speed  is  sufficiently  slow  to  allow  the  water  valves  to  seat  prior  to  the  revers- 
ing of  the  stroke.  At  first  sight  it  might  appear  to  be  wholly  a  loss,  but 
^  this  is  not  the  case,  as  it  must  be  remembered  that  in  all  condensers  there 
is  always  some  vapor  and  air  present  and  that  the  motion  referred  to  is 
when  the  greater  portion  of  such  enters  the  pump  cylinder.  If  it  were 
allowed  to  accumulate  by  a  lower  pump  speed,  the  vacuiun  would,  of 
course,  be  less. 

Exhaust  Injector  or  Induction  Condenser. — The  operation 
of  this  condenser  is  based  upon  the  same  principle  as  that  of  the 
steam  injector,  that  is,  the  kinetic  energy  of  a  jet  of  steam  escaping 
from  a  boiler  is  greater  than  that  of  a  jet  of  water  escaping  under 
the  same  conditions. 
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A  jet  of  steam  enters  through  the  steam  tube  at  a  high  velocity  and  in- 
duces the  air  in  the  suction  pipe  and  injector  body  to  pass  out  with  it;  this 
leaves  a  vacuum  and  allows  the  atmospheric  pressure  to  force  in  water.  The 
steam  is  condensed  by  this  water  and  the  velocity  of  the  steam  is  imparted 
to  the  water;  then  the  energy  in  the  moving  column  of  water  is  sufficient  to 
overcome  the  pipe  friction,  lift  the  check  valve  and  force  the  water  into  the 
boiler  against  the  pressure. 

The  condenser  shown  in  fig.  5,646,  however,  has  its  limits  of  operation. 
The  operation,  as  just  statedf,  depends  upon  the  velocity  of  the  cfischarge; 
it  is  plain  that  when  the  condenser  lifts  its  injection  water,  as  shown 
in  the  figure,  this  vdodtv  must  be  almost  wholly  imparted  by  the  exhaust 
steam.  Then  if  the  load  on  the  engine  be  variable  or  if  the  condenser  be 
too  large  for  the  engine,  there  will  be  times  when  the  small  amount  of  ex- 
haust steam  furnished  by  the  engine  will  not  be  enough  to  impart  the 
required  velocity  to  the  large  volume  of  water  and  the  condenser  will  not 
operate  satisfactorily.  In  other  words,  the  volume  of  exhaust  steam  must 
be,  within  limits,  in  proportion  to  the  volume  of  water  which  it  keeps  in 
motion,  too  little  sleam  oeing  unable  to  induce  the  flow  of  water  and  too 
much  steam  afiEecting  the  vacuum.  The  minimum  amount  is  that  which 
will  increase  the  temperature  of  the  water  at  least  30^  F.  and  the  maximum 
amount  is  that  which  will  not  cause  a  rise  of  more  than  50**  F.  in  the  water 
temperature. 

In  cases  where  the  condenser  takes  its  water  under  a  head,  as  shown  by 
dotted  lines  in  fig.  5,646  this  objection  does  not  apply,  for  then  the  velocity 
of  the  water  is  that  due  to  the  head  and  is  independent  of  the  exhaust  steam. 

In  order  to  guard  against  the  trouble  due  to  a  varying  amount  of  exhaust 
steam,  the  condenser  shown  in  fig.  5,647  has  been  devised.  It  is  called 
the  adjustable  capacity  condenser  m  order  to  distinguish  it  from  the  fixed 
capacity  condenser  shown  in  fig.  5,646.  Both  the  condensers  shown  were 
deSgiea  by  Korting. 

An  inspection  of  fig.  5,646  shows  that  an  atmo^heric  outlet  must  be 
provided  for  the  exhaust,  just  as  in  the  cases  of  the  jet,  surface  and  siphon 
condensers .  The  figure  ^ows  a  special  swing  check  valve  for  this  purpose , 
while  on  the  adjustable  capacity  condenser  in  fig.  5,647  is  shown  the  auto- 
matic valve  usually  furnished  with  this  tjrpe  of  condenser. 

In  this  condenser  there  is  no  34-foot  tail  column,  and  in  case  the  low 
presstu'e  cylinder  of  the  engine  acts  as  a  pump,  water  may  readily  be  drawn 
up  into  the  engine. 

This  is  prevented  by  the  arrangement  of  the  stop  valve  E,  through  which  the  exhaust 
steam  enters  the  condenser.  The  valve  itself  is  not  fixed  to  the  spindle,  but  is  free  to 
move  vertically  within  the  limits  set  by  the  seat  at  the  bottom  and  the  collar  C^  on  the 
spindle  at  the  top.  '  It  thus  allows  steam  to  pass  out  under  it  from  the  engine,  mto  tJie- 
condenser,  but  acts  as  a  check  valve  against  the  passage  of  water  in  the  opposite  direc- 
tion or  from  the  condenser  to  the  engine.  It  may  also  be  used  as  a  stop  valve  by 
lowering  the  spindle  until  the  collar  C,  locks  the  valve  to  its  seat.  Since  the  seat  of 
this  valve  is  practically  at  the  top  of  the  exhaust  pipe,  it  is  advisable  to  drip  the  pq>e 
on  the  en^ne  side  of  the  valve,  as  shown  in  fig.  6,646.  to  prevent  any  accumulation  ol 
condensation.  This  drip  may  be  piped  into  the  condenser  as  shown,  with  a  ched» 
valve  arranged  to  prevent  the  return  of  water  from  the  condenser  to  the  exhaust  pipe 
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Pig.  E,e4S. — Erhart   Kteam    induction    condenser,     /n  optrailon,    eiluiut  itcun  enten 
through  the  valve  E.  andnassei  through  the  inclined  perforations  into  the  central  tube  T 

forces  the  condensing  water  up  through  the  pipe  and  into  the  tube  T,  as  ehonn.  "The  eihaiial 
ftteun  ia  condenicd  by  thia  WAtet  and  a  vacuum  is  left  in  the  condenser  and  exhaust  pipe. 
n»  <»iginal  velocity  with  which  the  water  entered  the  condenser  and  the  added  velocity 
dua  to  an  mhauat  ateaiii  enable  the  mingled  ateam  and  water  to  overcome  the  atmospheiic 
jnvUDiB  on  the  diicbaiBe  end  and  pasi  out  into  the  hot  well,  just  as  Che  water  from  the 
injector  oveicome*  ths  reastance  due  to  friction  and  pressure  and  oassca  into  tlie  boiler. 
Bvidentlytheathevelocityof  the  discharge  is  sufficient  to  draw  out  the  air  and  to  Bet  rid  of 


-water  Mid  whoa  a  vacuum  la  torn 
be  lifted,  open  the  ateam  or  press 

the  engine.    The  operation  of  the ._ „ — . „ 

the  condenser  and  when  the  vacuum  is  formed  the  suction  or  lifting  jet  may  be  turned  oft. 
In  ihut^ng  down,  slop  the  engine  first,  when  the  operation  of  the  condenser  will  cease  if  the 
— -•— •--  ■ ■■ -in  lift;  if  the  water  supply  is  under  a  head,  (top  the  engine 


condensing  water  la  ui 
feat  and  ton  shut  the 
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Pic.  B.MT.— Koeiting  adjustable  c. 


uinular  ipue  between  its  nutace  and  the  inuds  of  the  tube;  while  the  sleeve  S,  by  coveriog 
more  or  fewer  openings  in  the  tube,  govenu  the  area  of  the  exhsuat  inlet  and  CODsequeDtty 
tlie  Telodtr  of  the  eiluuat  ateam.  The  relatlm  positiODS  of  the  nun  and  the  aleeve  can  be 
itgulated  by  the  extension  lod  K,  ao  that  the  machine  can  be  adjusted  for  almost  any  condi- 
tion of  load.  In  fact,  the  maciine  may  be  adjusted  to  work  satisfactorily  at  any  pfant  from 
H  or  Vi  of  its  capacity  to  full  eapaj;Lty;  thisisparticulariydeaifable,  when  the  load  is  variable 
and  the  injection  water  must  be  lifted.  On  the  other  hand,  the  range  of  the  Eied  capacity 
condenser  a  only  from  about  one-half  capacity  to  full  capacity.  For  hifh  suction  lifts,  the 
live  Bteam  jet  or  water  pressure  jet  J.  is  used  to  bring  the  water  to  the  condenser,  and  aa 
escape  is  provided  through  the  oversow  valve  O,  just  as  in  the  esse  of  the  steam  injector. 
This  starting  jet  and  oversow  valve  aie  necessary  only  when  starting,  and  may  both  be 
omitted  when  the  suction  lift  is  very  small  or  when  water  is  supplied  under  a  head.     It  will 

that  the  water  from  the  hot  well  can  not  be  used  for  boiler  feed  unless  the  con- 
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ler  flow  eondenser.  .  Pranz  Joseph 
neiBB,  Qi  Dtuie,  QwmerjanQt  oetfan  m  me  cany  nineLws  n>  develop  the  possibilities  of  tiH 
baiDmetnc  condBiuer  for  hif^  vacuum.  Me  called  attenUoa  foidbly  to  the  fact,  that  the 
absolute  pntaore  eidstiiis  in  th*  condenset  vas  the  nun  of  the  vapof  pressure  (that  is.  the 

pnlnD«of  Btetun  as  raven  bjr  the  steam  tables  for  the  tem ' 1  ^^-  ^ — *—  ^^--.^-.-  -r 

thacondenierlandorthBairconteiit.  The  absolute  piessui 
to  the  temperatufc.  except  in  the  absence  of  air,  but  the 

muld  ba  at  the  eooleit  poiat,  for  here  the  vapor  pressure  would  be  smallest  and  to  this  point 
the  air  would  tend  to  flow.  His  condenser  was  therefore  made  on  the  counter-flow  principle, 
.  -  _  ..n  The  injection  walerenters  at  the  top,  as  shown,  and  ttieldes  down  over 
'      ■       ^ ■      ™  from  the  top.    The  point  of  least 

en^y  or  carried  down  into  the  tube  will  make  its  way,  encountering  cooler  and  cooler  water 
as  it  arises,  until  at  last  only  the  air  or  the  absolutely  non-condensable  vapor.reaches  the  air 
Lt  the  temperature  of  the  incoming  coolest  water.    The  air  is  drawn  off 

uuwn  m  that  due'to  the  temperature,  but  as  this  "iSeal  point,"  as 'the  inventor  terms  it,  ii 
reached,  the  water  is  apt  to  lisB  and  pass  out  by  the  air  pipeal  the  lop,  as  shown  in  fig.  6,040. 
Inotherwmds,  the  ocmdenset  reverses  itself  and  becomes  a  parallel  flow  instead  of  a  counter 
flow  apparatus,  and  having  once  established  itself  in  this  way  it  will  continue  to  run  so  until 
the  condenser  is  stopped  and  started  over  again  right.  In  order  to  do  thi9  automatically,  a 
pail  P.  is  suspended  so  as  to  receive  the  flow  from  tEe  barometric  tube  of  the  separator.  TIub 
pail  has  an  outlet  inits  bottom  suffidently  laise  to  discharge  the  normal  flow  as  fast  as  it  is 
received,  but  when  the  condenser  reverses,  and  the  water  comes  in  large  quantities  the  pail 
fills,  ovncomes  the  weight  at  the  other  end  of  the  lever,  and  turns  the  cock  C.  connecting 
the  chamber  into  which  the  incoming  steam  is  discharged  with  the  bantmetnc  leg  of  the 
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Fig.  5,650.— ^Fypical  high  level  or  barometric  condenser  connection,  tn  op^rmHan,  whether 
it  be  necessary  to  stop  the  en^ne  to  build  up  the  vacuum  depends  upon  conditions,  but  usu- 
ally the  vacuum  may  be  built  up  with  the  engine  nmning.  If  the  condenser  be  not  of  proper 
saee  or  have  air  leaks  in  the  pii>mg,  if  there  be  an  irreguur  supply  of  injection  water*  or  the 
load  come  on  before  the  engine  is  up  to  speed,  orwith  a  long  run  of  pipe  between  condenser  and 
cylinders,  it  may  be  necessary  to  stop  the  engine.  Then  build  up  as  nigh  a  vacuum  as  possible 
and  start  the  engine.^  When  the  vacutun  is  lost  with  the  engine  carrying  load,  when  all  has 
been  well  up  to  this  time,  the  trouble  will  umially  be  found  due  to  some  trifling  cause  which, 
when  removed,  allows  the  vacuum  to  build  up  to  normal.  Disregarding  general  pump 
troubles  .poor  vacuum  or  total  loss  of  vacutun  may  be  caused  by  any  one  of  the  following 
catises:  'Die  stminer  may  be  clogged  on  the  injection  pipe,  rraucing  the  flow  of  water. 
The  relief  valve  cap  has  a  rubber  packing  ring  which,  due  to  the  clapper  being  allowed  to 
hammer  on  its  seat,  soon  leaks  and  ought  to  be  renewed.  These  valves  ought  to  be  water 
sealed.     If  they  leak,  and  tisuaUy  they  do,  the  seiding  water  may  be  cut  off  so  that  they  aie 

Figs.  5,648  and  5,649.— Text  amHnmed. 

separator,  which  equalises  the  pressures  and  reverses  the  action,  turning  the  condenser  ba^ 
into  a  counter-current  C.  Particular  stress  is  put  by  Weiss  upon  the  fact  that  the  advantage 
of  the  counter-current  condenser  lies  not  in  the  reduction  of  the  volume  of  the  air  to  be  pumped 
by  securing  the  greatest  possible  reduction  of  temperature,  although  that  is  an  advantue, 
but  in  the  fact  that  by  maintaining  the  point  of  lowest  temperature  at  the  intake  oi  the  dry 
air  pump  he  establishes  a  definite  and  positive  flow  of  air  to  that  point,  so  that  the  pon^ 
draws  air,  not  steam  vapor,  and  all  the  air  is  taken  out. 
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CLASS  2:  SURFACE 
CONDENSERS 


As  distinguished  frcan  jet  condensers,  the  sitrface  condenser 


.  .  .  that  the  chain  or  cable  UKd 

lief  valve  ii  in  the  ffuide  pulleya.    When  no  puiqi 
a  usually  re-e»tahliah  the  vacuum  by  starting  the  i 

? 1 ^---"it  bonrd.    First  open  primina  val 

the  reUef  valve  onl 
injectini  ndve  *^       ■   ' 


on  the  relief  vah 

:ioae  automatically  when  : 


the  main  injection  valve,  lover 
vacuum  builaB  up  to  IS  in.  or  so 
■  '      '    1  valve  D.    A  foreed  pnmei 
^,  could  have  been  Etarted  ai 


id  vacuum  reflated  by 

my.    The  pmnp.  when 

jmed  Bccording  to  the  vacuum  carried. 
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may  be  defined  as  a  device  for  condensing  steam  in  which  the  steam 
and  cooling  water  do  not  come  into  contact  with  each  other  ^  but  are 
separated  by  metal  surfaces. 

The  surface  condenser  was  fifst  employed  by  James  Watt,  but  was  dis- 


5I0C  OF  BOAT 


NO  DRAINAGE 
BCTWttN 
VEL5AAN0B 


REAR  HEAD 

FORWARD  HEAD 
DOWN  PITCH  FOR  DRAINAGE 

RETURN  PIPE 

Pig.  6,653. — Section  through  steam  launch  StomouHUf  I,  showing  faulty  installation  of  keel 
condenser.  With  the  necessarily  high  elevation  of  the  air  pump  the  condenser  will  not 
drain,  hence  in  operation,  the  attempt  of  the  air  pump  to  produce  a  vacuum  in  the  con- 
denser is  opposed  by  the  resistance  due  to  a  column  of  water  whose  height  eqtials  the  dimen- 
sion BA.  For  ^cample,  if  the  temperature  of  condensate  be  100^  Pahr.,  the  maximtim 
vacuum  possible  is  28  ins.,, and  furtner  if  the  coltunn  of  water  in  suction  pipe  between 
levels  B  and  A,  be  1  ft.,  it  will  offer  a  resistance  of  .43  lb.  per  sq.  in.  which  is  equal  to  .87  in., 
thus  reducing  the  vacuum  from  2 S  to  28—  .87  » 27. 13  ins.  in  th€  condenser.  This  vacuum 
is  further  reauced  by  1,  the,  inefficiency  of  the  ptunp  2,  friction  of  the  condensate  en  route 
to  piunp,  and  3,  the  non-draining  feature  which  causes  spasmodic  flooding  in  the  return  pipe. 
Hence,  in  practice,  if  a  28  in.  vacuum  were  aimed  at  under  the  above  conditions,  probably 
not  more  than  24  or  25  ins.  would  be  obtained,  and  accordingly  the  importance  of  arranging 
the  apparatus,  as, shown  in  fig.  6,651.  so  as  to  reduce  these  losses  to  a  minimum.  The 
importance  of  this  is  further  emphasized  by  an  experience  of  the  author  with  an  independent 
air  pump  C  (shown  in  dotted  lines)  located  at  a  nigh  level,  and  connected  to  the  condenser 
by  a  suction  line  having  a  multiplicity  of  elbows.  With  this  fatdty  rig  only  about  15 
or  16  ins.  of  vacuum  comd  be  obtained. 

missed  by  him  on  accotmt  of  the  cumbrous  nature  of  his  apparatus,  and 
its  use  was  not  revived  imtil  1835. 


Outboard  or  Keel  Condensers. — ^About  the  simplest  form 
of  surface  condenser  is  the  keel  condenser,  which  is  the  usual  type 
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fitted  to  steam  lattnches,  as  in  small  boats  the  inboard  condenser 
would  take  up  considerable  room  and  add  considerable  extra 
weight  beside  requiring  a  pump  to  circulate  the  cooling  water. 

It  consists  of  a  brass  or  copper  tube,  or  several  tubes  attached 
to  the  htill  outside  below  the  water  line  and  rtmning  fore  and  aft 
near  the  keel  (hence  the  name  keel  condenser) .  The  exhaust 
from  the  engine  enters  at  one  end,  is  condensed  by  the  cold 


^  RETURN  PIPE. 


FORWARD 
HCAOER 


TO  AIR  PUMP 


Figs.  6.654  to  5,657. — Construction  details  of  keel  condenser  of  steam  latmch  Stomowag  /• 
The  heads  are  provided  with  stuffing  boxes  for  the  tubes,  and  in  addition  the  forward  header 
has  an  additional  outlet  tapped  with  !^  pipe  tap  for  the  return  to  air  pump,  the  return  h&ng 
standard  weight  brass  pipe .  A  special  elbow  with  flange  for  fastening  to  hull ,  passes  through- 
the  planking  and  is  secured  on  the  inside  by  a  washer  and  nut.  The  return  pipe  is  fastened 
to  the  elbow  by  long  screw  and  lock  nut  joint. 

water,  and  drawn  out  oi  tne  other  end  by  the  air  pump.  This  is 
a  yery  simple  arrangement,  since  no  pump  is  needed  to  circulate 
the  cooling  water.  The  passing  of  the  boat  through  the  water 
takes  the  place  of  a  pump  for  this  purpose. 

♦NOTE. — ^A  form  of  keel  condenser  known  as  bastard  condenser,  is  sometimes  fitted  to  canaY 
boats  and  other  non-descript  vessels.  It  consists  of  the  ordinary  keel  condenser  with  outlet 
open  to  atmosphere  and  high  enough  to  drain  into  the  hot  well.  Such  makeshift  apparatus 
operating  without  vacuum  is  inexcusable. 
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The  important  point  about  keel  condensers  is  that  the  tubes 
-and  return  pipe  must  he  inclined  so  that  the  condenser  will  draw 
toward  the  air  pump;  otherwise  it  would  flood  and  fail  to  produce 
<i  good  vacuum. 

This  xx)mt  has  been  explained  and  emphasized  on  page  3,132.    The  gen- 
eral construction  of  a  keel  condenser  is  shown  in  figs.  5,654  to  5,657.    This 
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Pigs.  5,658  and  5.659. — Ordinary  keel  condenser  made  of  standard  pipe  and  fittings.  Fig. 
5,658,  assembly  on  boat;  fig.  5,659,  construction  detail.  The  exhaust  should  be  piped 
through  the  hull  at  M,  very  near  the  water  line  so  that  there  will  be  as  much  pitch  as  i>os- 
dble  between  M,  and  S,  as  it  should  be  remembered  that  thorough  and  quick  drainage  is 
very  important  in  keel  condensers. 

is  the  best  construction,  though  rather  expensive.  For  an  ordinary  job  a 
condenser  can  be  made  of  ordinary  standsu:ti  weight  pipe  as  shown  in  figs. 
5,658  and  5,659.  x 


Inboard  Surface  Condensers. — ^The  name  inboard  is  here 

applied  to  distinguish  the  ordinary  f oma  of  surface  condenser 
from  the  keel  type.  The  modem  surface  condenser  is  formed 
of  small  brass  tubes,  usually  ^  inch  to  5i  inch  diameter  and  5 
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to  10  feet  lot^.  The  common  arrangement  is  to  place  the  tubes 
horizontally  in  a  cylindrical  or  rectangular  box  and  to  admit  the 
water  in  at  the  bottom  and  the  steam  at  the  top.  The  best 
practice  is  to  bring  the  water  through  the  tubes  and  the  steam 
outside,  as  shown  in  fig.  5,660.  The  heat  is  thus  drawn  from 
every  direction,  indicated  by  the  arrows,  and  absorbed  by 
the  rapidly  moving  cotding  water.     This  water  is  generally 


PiQ.  6,660.— Section  through  condiaiser  tube  illustrating  til 
-      .,        .....     .... .._. —Se.Tbe 


through  the  tubes  and  steam  outdde.  The  aliuKt  umveiEal  practice  ia 
■~  through  the  tubes  as  here  shown. 
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Pig.  S.aei.— Miller  double  tube  eondeaser  (patented  in  1888).  /n  eonttru 
tubes  are  placed  inside  of  large  onei.  The  water  first  pasHi  through  the  inn 
returru  through  the  outer  tubes,  and  after  absorbing  the^heat  from  the  steam. 


,,    This  type  was  extensively  used  at 

represeata  the  prevailing  practice. 
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called  the  circulating  water,  and  its  circulation  through  the  con- 
denser is  maintained  by  a  pump  called  the  circulating  pump. 

The  water  formed  by  the  condensed  steam  and  the  accumu- 
lating air  are  drawn  away  by  a  similar  pump  called  the  air  pump. 

Whether  the  cooling  water  or  the  steam  flows  through  the 
tubes  is  the  distinguishing  mark  between  the  two  general  tjrpes 
into  which  surface  condensers  are  divided. 

In  the  one  t5rpe,  known  as  the  standard  surface  condenser,  the  water 
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Fig,  5.662. — Single  tube  standard  condenser.  In  conBtructlon,  the  tubes  are  commonly 
made  ^  inch  outside  diameter  of  solid  drawn  brass  tinned  on  both  sides.  To  allow  unequal 
expansion  of  the  shell  and  tubes  screwed  glands  and  stuffing  boxes  are  provided;  these  are 
packed  with  cotton  cord  or  corset  lacing.  The  tube  sheets  or  plates  to  which  the  ends  of  the 
tubes  are  attached  are  of  brass  and  usually  from  1 .1  to  IH  times  the  diameter  of  the  tube 
in  thickness*  The  type  of  joint  determines  the  thickness..  With  screwed  glands  a  thinner 
plate  may  be  used  than  when  the  packing  extends  through  it.  Usually  ^e  tubes  are  spaced 
in  a  zigzag  manner,  pitched  from  1.5  to  1.7  of  their  diameter  on  centers.  The  tubes,  plate, 
ferrules,  nuts  and  washers  should  be  of  brass  to  prevent  corrosion.  The  shell  is  generally 
made  of  cast  iron;  no  wrought  iron  should  be  used  when  the  parts  are  exposed  to  the  distilled 
•water. 

iiows  through  the  tubes  while  the  exhaust  steam  flows  over  the  outside 
surface  of  the  tubes  and  is  there  condensed.  In  the  second  type,  known  as 
the  water  works  surface  condenser,  the  water  flows  over  the  outside  of  the 
tubes  while  the  steam  flows  through  and  is  condensed  within  them.  The 
latter  type  is  a  special  type  and  is  used  for  the  special  conditions  usually 
found  only  in  water  works  pumping  stations. 
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The  fluiface  condenser  pennits  the  tise  of  impure  or  salt  cooling 
water  without  bringing  same  into  contact  with  the  condensate, 
hence  the  condensate  is  available  for  use  as  boiler  feed.  For  this 
reason  the  only  type  of  condenser  that  can  be  used  for  marine 
service  on  salt  water  where  the  condensate  is  to  be  used  as  feed 
water,  is  the  surface  condenser. 

Pigs.  6,662  and  5,663  show  the  general  conGtruction  of  single  and  double 
tube  condensers.   Tbe  condensing  chamber  is  made  of  cast  iron  and  usually 


'ic.  S.flSa. — Double  tube  ■tandaid  condensec.    The  tubes  are  secured  at  one  end  only  being 
WHtl^,  tint  through  the  inner  tubes  aud  then  through  the  annular  qiacea  between  tbe  inner 

BUpported  above  the  pumps,  where  independent  pumps  are  used  as  in  fig. 
6,663.  Here  the  water  or  circulating  pump  is  shown  at  the  right  and  the 
air  pump  at  the  left.  The  air,  water,  and  steam  pistons  are  attached  to  a 
common  rod,  with  the  steam  cylinder  in  the  middle,  as  shown.  Exhaust 
steam  enters  the  chamber  at  A,  where  it  strikes  a  baffle  plate,  which  serves 
to  distribute  it  over  the  cooling  surface  and  also  to  prevent  its  cutting  the 
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the  air  and  non-condensible  vtqiors  through  the  outlet  B,  to  the  air  pump. 
Space  should  be  left  below  the  lower  tubes  so  that  the  water  of  condensa- 
tion cannot  come  in  contact  with  them  and  thus  become  chilled.  The  cir- 
culating or  cooling  water  enters  throi^h  the  inlet  C,  into  the  chamber  E, 
traverses  the  inner  and  outer  tubes  into  the  chamber  F,  thence  through 
openings  into  G,  then  through  the  upper  group  o£  tubes,  and  is  discharged 
through  the  outlet  H. 

In  the  single  tube  type,  fig.  5,662,  the  cooling  water  enters  at, 
A,  being  directed  by  the  baffle,  passes  through  the  lower  group  of 


Figs.  6,66i  and  6,685. — Stuffing  boies  tor  lace  pBCldna  for  the  tubs  ends.  This  requires  & 
recesa  in  the  tube  pls.tQ  around  each  tube  Dpeniug  tapped  for  reception  oE  a  Ecrewed  gland  that 
dips  over  the  tube  end.  compressing  the  packing  into  the  bottom  of  the  recess.  It  is  Bimply  a 
amallstufangboi.  The  outside  end  of  the  aland  is  sometimes  contracted,  thus  preventing 
the  tube  crawling  out  of  the  tube  plat«s.  The  gland  packing  is  expensive  and  somewhat 
tedious  to  make,  but  proves  in  the  end  the  most  durable  end  lasting  variety.  With  this  kind 
o(  Joint  the  condenser  is  always  read/for  operation,  even  »Jter  long  laying  up.  The  tube 
plates  are  now  sUnoat  universally  of  brass,  thick  enough  to  afford  a  mod  bearing  (or  the  tubes 
and  their  packing,  and  strong  enough  to  stand  the  excess  pcessuie  of  the  atmoaphere  without 
deflection.    For  Uiga  tube  plates  stays  may  bs  ntcessaiy  to  secure  the  needed  rigidity. 


tubes  to  Chamber  C,  thence  through  upper  group  of  tubes 
D,  and  out  through  E. 

The  spacing  of  the  tubes  is  important  with  respect  to  the 
efficiency  of  the  cooling  surface. 

The  old  conception,  which  regarded  a  condenser  merely  as  "a  box  ftill  of 
tubes,"  resulted  in  the  construction  of  condensers  with  tubes  so  closely 
spaced  as  to  seriously  impede  the  flow  of  the  steam. 
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la  B.  properly  designed  condenser  the  pressure  drop  from  the  exhaust 
steam  inlet  to  the  air  pump  connection  is  very  slight,  whereas  in  a  poor 
design,  it  may  amount  to  an  inch  or  more  o£  vacuum. 

The  shell  of  all  condensers  must  resist  the  excess  pressure  of 
the  atmosphere  above  the  vacuum,  and,  for  this  purpose,  must 
be  tight  and  rigidly  strong. 


6,668.— Three  styles  of  screw  glaod  for  packing  the  tu 


880  and  5.87 

—Details  of  wooden  ferrules  for  condenser  tube  end  packin 

.    The  wood 

soft.  w.ooden  sleeve,  which  is  pushed  into  the  smooth  hoi 

of  the  tube 

e  steam  and 

hieh  pressing 

glyagainstth 

tube  plate.  _  Outside  of  the  tuha  plate,  where  free  to.swell.  i 

should  form 

ht  collar  arou 

»  Mipls;  able 

to  preserve  a  tight  joint.    It  has  the  advantage  of  being 
ppLed,  but  it  is  apt  to  give  trouble  after  the  condenser  has 

heap.  MM^ 

and  quickly 

been  laid  up 

long  period. 
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Fig.  5,671. — ^Built  in  contra-flow  surface  condenser  with  direct  connected  Edwards  air  pump. 
The  condenser  is  built  into  the  frame  work  of  the  engine  as  shown.  The  condensing  tubes 
are  arranged  in  compartmen  ts .  as  shown .  The  steam  coming  from  the  engine  cylinderf oUows 
the, path  indicated  by  the  arrows  through  the  upper  nest  of  tubes  in.  an  even  flow  over  the 
entire  length  of  each  tube,  and  at  right  angles  to  them.  As  the  steam  reaches  thd  upper 
tubeless  chamber  it  reverses  its  direction  of  flow,  because  of  the  upper  baffle  plate,  and 
losses  over  the  second  bank  of  tubes,  reversing  again  in  the  next  lower  tubeless  chamber  and 
passing  over  the  third  and  lowest  nest  of  condensing  tubes.  As  the  tubeless  chambers  have 
ample  area,  the  change  in  the  direction  of  the  flow  of  steam  is  not  sudden.  From  the  lowest 
nest  of  tubes  the  water  of  condensation  passes  to  the  air  pump,  changing  its  direction  of  flow 
for  the  last  time  in  the  tubeless  space  in  the  bottom  of  the  condenser  base.  By  this  successive 
passing  of  the  steam  over  all  the  tubes  in  one  compartment,  and  again  being  uniformly  dis- 
tributed in  the  tubeless  chambers  already  referred  to.  each  tube  is  made  to  do  a  proportionate 
amount  of  work.  The  efficiency  of  the  tubes  is  also  increased  because  the  steam  in  zigzaging 
down  over  the  several  nests  of  tubes  increases  its  distance  of  travel,  which  increases  the  effi- 
ciency of  the  condensing  surface.  The  cooling  water  enters  the  lower  nest  of  tubes  A.  and. 
passing  through  the  horizontal  cooling  tubes,  reverses  its  direction  of  flow  at  the  other  «id 
and  returns  through  the  nest  B,  reversing  again  and  passing  through  the  nest  C,  to  the 
other  end  of  the  condenser  where  it  again  reverses  and  returns  through  nest  D.  The  cooling 
water  is  then  discharged  from  the  condenser.  Accordingly  the  hottest  water  and  hottesi 
steam  are  brought  in  contact  with  the  cooling  tubes  at  the  top,  while  the  coldest  water  and 
coldest  steam  are  brought  in  contact  with  the  cooling  tubes  at  the  bottom.  Each  baffle  plate 
carries  off  the  condensate  from  the  tube  nest  above,  hence  the  condensate  does  nol  have  to 
fall  over  all  the  tubes  and  accordingly  the  efficiency  is  increased. 
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cooler  by  means  of  the  cooler  regulating  valve.    Thi?  is  trade  possible  by  the  regulating 
valveV.    In  H.  ths  eooler  is  in  three  divisions;  thecondensingwaterfirst  passes  throui '  " 
division  X.  entering  the  end  oa  which  is  located  the  regulating  vslve;  it  then  passes  th 
division  Y,  and  finall/  returns  thtougli  Z  to  the  outlet.    By  this  artangeinent  of  re— 
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Frequently  surface  condensers  are  built  into  and  form  part  of 
the  framing  and  the  bed  plate  of  the  engine,  as  shown  in  fig. 
6,671,  in  which  case  the  shell  has  facings,  lugs  or  flanges,  for 
attachment  to  the  other  parts  of  the  framing. 

Where  the  condenser  is  independent,  lugs,  brackets  or  flanges 
must  be  provided  for  secure  attachment  to  suitable  foundations. 
The  inside  space  is  subdivided  by  baffle  plates  to  guide  the  steam, 
in  its  course  over  the  tubes,  as  in  fig.  5,674,  the  three  pass 
arrangement  giving  a  counter-flow  in  the  upper  pass. 


Fig.  6,674. — Counter-jlonv  condenser,  in  tMs  arrangement  the  steam  flows  parallel  with  the 
cooling  water  as  indicated  by  the  arrows.  The  baffle  plates  cause  the  entering  steam  to  flow 
in  a  direction  parallel  with  the  upper  condensing  tubes;  when  striking  the  end  c^  the  condenser 
body,  the  direction  of  flow  is  reversed;  this  operation  being  repeated  as  often  as  there  are 
bafiie  plates. 


1  Condenser  Tubes. — These  are  generally  made  of  solid  drawn 
brass  and  are  tested  both  by  hydraulic  pressure  and  steam.  They 
are  turned  both  inside  and  outside.  The  standard  sizes  are  %  in. 
and  ^  in.  outside  diameter.  No.  18  stubs  gauge  in  lengths  of  12, 
14,  16,  18  and  20  feet. 
The  Admiralty  specify  that  tubes  be  made  of  70  %  of  best 
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selected  copper,  and  to  have  10  %  of  tin  in  their  composition, 
the  tubes  to  be  tested  to  a  pressure  of  300  lbs. 

According  to  Whitham,  the  velocity  of  flow  of  the  circulating 
water  through  the  tubes  should  be  between  the  limits  400  and  700 
ft.  per  minute.  As  given  by  Marks,  the  minimum  allowable 
spacing  of  tubes  is  as  follows: 

Outside  diameter  of  tube,  ins %  %  yi       1  11^ 

Htch  o£  tubes,  ins %        \%.         IJ^        xy^         1% 

Number  of  tubes  per  sq.  ft.  of  plate  189        147        106         88  63 


Fig.  S,67G. — Wlieeler  mter  irorki  condenser.  The  condensing  water  passes  through  the  shell 
and  Ins  steam  ii  condensed  inside  the  tubes.  It  is  customary  to  pass  all  the  water  going  to 
the  main  pump  luiC  through  the  condenser  so  that  the  question  of  economy  in  the  use  o£ 


denser,  And  other  provisions  ere 

deoeeria  to  iniuie  a  n«Iigible  vbcuudi  drop  betiveen  the  prime  mover  end  the  vacuum  pump, 
wiuch  iedoiieby  carefully  worldns  out  for  each  case  the  required  area  of  the  exhaust  ateam 
inlet,  the  volume  oE  the  eteam  box  and  the  number  of  tubes  in  each  of  the  two  passes  which  b 

K'ven  to  the  steam  before  the  condensate  and  non-conderuable  gases  and  vapors  are  removed 

The  Cooling  Surface. — According  to   Seaton,    in  practice 
with  the  compound  engines,  brass  condenser  tubes  18  B.W.G. 
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(stubs)  thick,  a  condensation  of  13  lbs.  of  steam  per  sq.  ft. 
per  hour,  with  the  cooling  water  at  an  initial  temperature  of 
60"*  is  considered  fair  work  when  the  temperature  of  the  feed 
water  is  to  be  maintained  at  120°. 

In  general  practice  the  following  holds  good  when  the  tempera- 
ture of  the  sea  water  is  about  60°. 

Terminal  pressure,  lbs.  abs.  ...  30    20        15  12}^    10       8        6 

Sq.ft.  cooling  surface  per  I. H.P.    3      2.5      2.25      2  1.8    1.6     1.5 

For  ships  stationed  in  the  tropics,  the  allowance  should  be 
increased  20  %;  for  ships  stationed  in  cold  climates  10%  less 
su£fices  (Seaton), 


Figs.  5,676  and  5,677. — Detail  of  double  tube  of  double  tube  condenser  showing  flow  of  the 
cooling  water  through  the  tubes. 


CONDENSER  PUMPS 

The  ordinary  low  level  jet  condenser  requires  only  one  pump 
(erroneously  referred  to  as  air  or  vacuum  pump)  which  removes 
the  cooling  water,  condensate,  air  and  other  non-condensable 
vapors,  whereas  two  pumps  are  required  for  a  surface  condenser, 
one  to  circulate  the  cooling  water  and  one  to  remove  the  con- 
densate, air  and  other  non-condensable  vapors,  the  latter  being 
called  the  wet  air  pump  as  distinguished  from  the  dry  air  pump 
which  removes  the  air  and  non-condensable  vapors  only,  a  third 
pump  being  required  to  remove  the  condensate  and  known  as  the 
hot  well  pump.  Dry  air  pumps  are  used  especially  where  a  high 
•  vacuum  is  required  as  with  turbines. 
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Jet  Ckmdenser  Pumps. — The  ordinary  direct  connected 
double  acting  horizontal  piston  pump  is  generally  used  for  jet 
condensers,  although  on  some  side  wheel  jet  condensing  steamers 
a  vertical  ptimp  is  used.  The  pump  is  practically  the  same  as  a 
wet  air  pump  used  on  surface  condensers,  differing  chiefly  in 
size.  Now  since  the  jet  condenser  pump  must  handle  everything 
that  must  be  pumped  out  of  the  condenser,  in  order  to  determine 
its  size,  it  is  necessary  to  calculate: 

1.  Amount  of  steam  to  be  condensed. 

2.  Amount  of  "water  required  to  condense  the  steam. 

3.  Amount  of  air  and  other  non-condensable  vapors  to  be 
removed  from  the  condenser. 

Each  pound- of  injection  water  will  absorb  from  the  steam  to  be 
condensed,  a  number  of  heat  units  equal  to  its  rise  in  temperature 
in  passing  through  the  condenser,  and  the  number  of  heat  units 
to  be  taken  out  of  each  pound  of  steam,  to  cause  condensation 
will  be  equal  to  its  total  heat  less  the  heat  in  the  resulting  con- 
densate, that  is, 

^       2.- 2.      J?  •   •    u.«  J.       total  heat  of  steam— heat  in  condensate 

Quantity  of  injection  water  =  -. : — 7 r 7-^—. — 7^ r~ 

*  "^  rise  m  temperature  of  injection  water 

or  using  the  usual  symbols, 

Q=?=^ (1) 

T—t 

) 

in  which 

H = total  heat  in  one  pound  of  the  steam. 

fe=heat  in  one  pound  of  the  condensate. 

^= temperature  at  which  the  injection  water  enters  condenser. 
T = temperature  at  which  the  injection  water  leaves  condenser. 
Now,  evidently,  since  the  pump  must  handle  both  the  injection 
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water  and  the  condensate,  the  total  amount  of  water   to  be 
handled  is 


in  which 
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Q'  =  total  weight  of  water  entering  condenser. 
W='Weight  of  steam  to  be  condensed  in  lbs. 
Water  contains  mechanically  mixed  with  it  1/20  or  5  %  of 
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its  volume  of  air  at  atmospheric  pressure.  I£  P  =  atmospheric 
pressure  and  />  =  absolute  pressure  in  condenser,  then  a  cu. 
ft.  o£  water  when  it  has  entered  the  condenser  is  represented  by 
.95  of  a  cu,  ft,  of  water  and  .5XP-^^  of  a  cu.  ft.  of  air. 

Now  if  Q"=the  total  volume  of  water  entering  the  condenser 
per  minute,  Ti,  temperature  of  the  condenser,  Ti,  temperature 


Pigs.  S.6T6  uid  S,6S0, — -Bdnurds  single  acting  impulsi  vertical  wet  air  jjump. 

tfon,  the  piston  at  th«  low  point  orits  stroke  uncovers  ports  in  thecylinderwojjb.  wniunoim 

ccndEiisB.te  Sows  continuously  by  gravity  from  the  condenser  into  the  ba3«_of  the  pump. 

base  of  Gimiiar  fihape.  Upon  the  descent  of  the  bucket  piston  "siaps^'  the  accumulation  of 
water  in  the  bottom  of  the  cylinder  giving  it  an  impulse,  and  the  moinentumtlius  acquired 

diately  after  the  risinn  piston  closes  the  posts  and  carries  the  water  and  air  up  with  it.  ito- 
charging  through  the  head  valves.  The  arrangement  lends  itself  to  high  apeeda  and  it  is 
cUimed  that  the  elimination  of  the  ordinary  tnie  of  foot  VBlve  gives  from  M  to  1  inch  better 

of  the  cooling  water  (before  entering  condenser) ,  then  .95XQ"  = 
voliune  of  water  to  be  pumped  from  condenser  per  min.  and 

P     Ta+461 " 

.5X  -X =the  quantity  of  air: 

p     Ti+461'' 
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Pigs.  6.688  and  G.6S1.— Gutermuth  fleiibla  metaJlic  -nive  for  air  p 

in  cloHidixsitioni  fig.  5,081.  in  open  posician.  /(  coiuItt«o/a  a    ,  ._ .       .      .  _.  .. 

special  ateel  of  hiffhtenula  itrength  and  claiticity,  coiled  atone  end  as  anown*  the  other  end 
beidslaftflat  to  aervaaaths  valve.  The  inner  end  of  the  coil  is  held  in  B  slot  of  the  valve 
■teiii,  tha latter  beinsaecmed  in  poution  by  mesiii  ol  a  ratchet  and  then  loclEsd.  The  valves 
aransuallf  mountedin  ^nnipa  on  s  bronze  valve  atem,  nhich  holds  them  against  the  Mat. 
Pnnri&oaiamada  for  adjusting  this  rod.  whereby  tb-*'*"'"™'**^"''^  i-on  >>-•*,.»■  rtri*K»m™iw« 

Tha  Gutennulh  valve  ia  cjuite  airaikr  in  practice  t 

elaatio  and  reqoired  to  withstand  coiling  and  uncinling  o 

distinguishing  feature  of  the  Gutennuth  » the  fact  that  la  n^, , ,  _-,„  .... 

out  strainins  the  matenal;  t.t.,  the  elastkUr  of  the  entiiB  l«isth  of  the  coil  is  piHied  in 
■ervice  and  intbout  fiiction.  insuring  poative  action  without  guideaor  niarda,  aathe  val— 
will  alwaya  letum  to  ha  original  fxiulioa  on  Uia  valve  aaat.  with  the  liftuig  from  its  aeat 
the  valve  haa  also  a  wjinng  motioa,  which  diatnwaiiliM  it  from  all  other  valm.  lius 
action  aiiista  in  the  smooth  and  silent  openllon  of  the  valve .  Another  advantage  a*  claimed 
of  the  Gutermuth  valve,  aa  compared  with  the  ordinary  tnie  <i  valve,  ia  the  fact  that  no 
turning  of  the  current  takes  i^ace  and  no  eddies  are  formed,  air  and  water  p**— *"g  through 
the  port  without  deflection  as  shown  on  fig.  6,684. 


FKI.  E.BSS. — Valve  deck  of  a  Mullsn  air  pump  witti  Guteimuth  valves  closed. 

p  valve  deck  with  Gutermuth  valves.    Fig.  5 
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hence  the  total  volume  to  be  abstracted  per  minute  is: 

. (3) 

^    T,-Hl61° 


Figs,  5,6SSand  6,089. — Alberger  centrifugal  entrainment  air  pump.    Its  operating  principle  a 

is  A  high  speed  enclosed  impeller  of  snecia]  design ,  which  draws  water  from  the  source  of 
eupply.andhuitsit.stliigh  veloqity,  in  separate  Btresms,  aciossan  air  eap  into  a  niunber  of 
compression  or  diffusion  chambers.  The  vanes  which  form  the  diffusion  chamber!  are  lo 
designed  that  they  cut  the  streams  of  water  into  a  lar^e  number  of  layers,  or  pistons,  iriuoh. 
entrap  successive  portions  of  air.  These  pistons  of  -water,  movins  at  high  vclociUes,  com- 
press the  air  to  atrooapberie  pressure ,  and  the  miiture  of  air  and  water  passes  thnnigh  an 
annular  chamber  to  the  discharge  opening  of  the  pump.  ThecasTnc  is  ofcast  iitm,  anmJar 
Inforrn'    Bolted  to  it  is  a  cast  iron  coverplate.farmingaitannularTecess  tohold  thediffuser 

the  casing  and  the  cover  plate  arc  divided  on  the  honzontal  center  line,  wiiicb  permits  the 

bronze,  frni^ed  all  over,  special  care  being  used  to  rei^oduce  accurately  the  form  of  vanes 
and  passages  required  to  give  the  ma^iiniuni  air  handhng  capacity  with  a  mimmum  eKpendi-' 
turn  of  power.  The  tips  of  the  vanes  ate  most  subject  to  wear  and  are  therefore  made  integral 
with  a  removable  side  plate.  The  impeller  is  of  bronze  and  the  shaft  of  steel  bronic  covered 
where  in  contact  with  water.  The  shaft  is  eitra  large  for  the  service,  and  is  provided  with 
marine  type  thrust  collars,  and  a  fleiible  coupling  for  connection  to  the  driving  power.  A 
heavy  water  cooled  pedestal  bearing  is  mounted  with  the  pump  directly  on  a  east  iron  base- 
plate, which  is  extended  to  receive  the  driving  power.    The  bearing  is  of  the  ring  oiling  type. 


irranged  that  the 


by  a  strainer,  it  is  necessaTv  to  supply  a  tank  for  clean  hurling  water. 

water  can  be  used  over  and  over,  and  so  designed  that  the  air  will  be  -.^ — 

re-use  of  the  same  water  will  in  time  heat  it  up  to  a  point  which  will  induce  tho  air  handling 
capacity  of  the  pump ,  it  is  necessary  to  use  a  hurling  water  cooler,  or  furnish  a  cold  makeup 
supply  in  sufBcient  volume  to  keep  the  temperature  of  the  hurling  water  within  a  few  ds- 
giees  of  the  temperature  of  the  entering  condensing  water. 
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Example, — A  100-horse  power  marine  engine  requires  30  lbs.  of  feed 
water  per  horse  power  per  hour.  If  the  pressure  in  the  jet  condenser  be  2 
lbs.  ateolute  (25.85  ins.  vacuum),  how  much  injection  water  is  required 
and  what  size  pump  if  the  initial  temperature  of  the  injection  water  be 
60°  and  the  final  temperature  110° 


Total  s 


e  condensed  per  minute,  ■ 


Since  from  the  s 


V  =  5^=^=160  lbs. 

I  table   the  total  heat  in  I  lb.  of  s 


ng"  entrai 

are  pioviiled  es  shown. 
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5.893.— Wheeler  "Rado^t"  JKfli 


suction  opeoing  S.    InopfatU 

eiipuidi  in  the  tkheIcb,  luvta^  with  a  very 

tian  chamb^  6,  entrains  the  air  and  vapon 
to  be  comprused.  The  mixture  pasiee  mto 
thediSuser7,froia  where  it  is  dischaiecd  at 
higher  absolute  pressure  than  that  oC  uie  air 
entering  at  S,  into  a  double  puugc  8. 
communicating  with  the  suction  chambera 
ehambers  9,  are  annular,  aivini  tlie  con 
-^  ■■  ■^uttaneously  dehvered  through  tl 
he  annular  eipanaion  nonle  Uhtjx 
adjusted  toward  or  e 


ingled  air  and  steam  coming  from  tf 
* '    thereby  compressing  the  it'-* 
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STEAM  TV 

FR0MBDll.£5l  \ 

STRAINER 


OVtRFUJW 

Pro.  6,098.— Wheeler  "lUdojet'*  a*""  A*  or 

itum  lineiSB  stTBiiier,_pi«uTe  nsulr* —  -*- 


lAIR  SUCTION 


3r  bojlei  feed.    The  Meam  coatained  in 

tananiUed  to  the  boiler  feed  mter.  thereby  n 
id  e«cwe»  through  ■"""' 


drr  »Ir  pump  »nd  eonnectiom.    On  the 

d  maih  vslvB  es  shown ,  «nd  »  check  vjilve 

diachArged  into  a  unall  tank  lupplied  vjth  fresh  w«ter 


.,, ,  _ti  temperature.    The  air 

„ , -.„.._ to  tlio  atmoiphett.    If  an  open  feed  w 

beuied.thediichaiEBialeddinctly  intoit,  thus  utiliciDt  the  heat  from  the  jet  at^ 


Pic.  6,604.— Wheeter  r 


5SJSJ, 

latino  cam,  operated  from  th 
Kperstea  the  suctioa  and  discoarge  aata  o. 
rotor  with  a  small  cleafance.  The  rotor  it 
Uoa  a  closa  clearance  with  the  inside  of  thi. 
the  lower  right,  and  discharged  through  tht 
outlet  ia  at  the  top  and  — -■■  *"'  --*i---  — -l. 


.    tt  operates  at  speeds  rendering  it 


ft  hand.    Prcedon 


±  the  I 


_.I"ft „. , 

being  controlled  in  its  motion  by  tin  externa]  drrviDS  gear 
lite  touching,  the  rotor.  Chie  end  of  the  rotor  shaft  hia  a 
the  end  of  the  oecillating  cam  shaft,  by  means  of  a  rod. 
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The  weight  of  water  at  110®  being  61.89  lbs.  per  cu.  ft.,  then  its  volume 
at  110**  or 

Q"=3,213h-61.89  =51.91  cu.  ft. 

95%  of  which  is  water  and  5%  air.  Hence  the  total  volume  to  be  ab- 
stracted from  the  condenser  per  minute  is,  taking  the  temperature  of  the 
condenser  at  120®: ' 

.95X51.91+.5xi^Xj~~^  =52.62,  say  53  cu.  ft. 

Now  the  usual  practice  is  to  use  a  ptunp  having  a  displacement  of  twice 
the  volume  to  be  pumped,  that  is,  to  let  the  pump  fill  half  full  of  water, 
the  remainder  being  occupied  by  the  expanded  air.  Accordingly,  given 
displacement  is 

53X2  =  106  cu.  ft.  per  minute 

The  normal  piston  speed  should  be  about  100  ft.  per  minute,  hence 
area  of  piston  =  106-^100  =  1.06  sq.  ft.,  or  1.06X144  =  152.6  sq.  ins. 

drain  of  piston  corresponding=  . /_H^  =^/15M  =  13.9,  say  14  ins. 

.    ^.7854     ^.7854  ^ 

and  the  length  of  stroke  will  depend  on  the  number  of  strokes  per  minute  ^ 
which,  for  say  60  strokes  per  minute,  is 

100-&-60  =  1.66  ft.  or  1.66X12  =  19.9,  say  20  ins. 

Surface  Condenser  Air  Pump. — In  a  surface  condenser  the 
pump  has  to  handle  only  the  condensate  and  air,  the  cooling  or 
* 'circulating''  water  being  pumped  by  the  circulating  pump. 
As  compared  with  a  jet  condenser,  the  pump  handles  a  much 
smaller  quantity  of  water  and  a  relatively  large  volume  of  air. 
The  latter  iteftx  is  important  because  the  air  volume  to  be  dis- 
placed is  much  larger  than  the  water  volume.  The  air  entering 
by  leakage  is  tmcertain  and  may  be  3  or  more  times  as  much  as 
was  liberated  by  the  water. 

Since  the  pressure  in  the  I. p.  cylinder  of  the  engine  is  most  of 
the  time  below  atmospheric  pressure,  considerable  air  may  leak 
in  through  the  stuffing  boxes  tinless  they  be  tight.  The  practice 
of  some  pump  companies  is  to  give  the  air  pump  a  displacement 
equal  to  20  times  the  volume  of  the  condensate,  if  it  be  a  hori- 
zontal double  acting  pump,  and  12  times  if  vertical  single  acting. 
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According  to  Whitham  the  usual  practice  is  to  make  the  air  pump  for  a 
surface  condenser  one  half  the  capacity  of  one  required  for  a  jet  condenser. 
This  will  enable  the  surface  condenser  to  be  used  as  a  jet  condenser  in  case 
of  emergency.  The  air  piun^  should  always  be  placed  below  the  condenser 
for  best  results  (though  this  is  not  always  possible  with  keel  condensers) , 
and  the  delivery  valves  should  be  water  sealed. 

Classification  of  Air  Pumps. — ^The  steam  turbine  with  its 

EXHAUST  STEAM  INLET 

PRESSURE 
REGULATOR 

STRAINER       I       GATE 
\        I      VALVE 
LIVE  STEAM 
FROM  BOILER 

DRAIN 

GLOBE     ijAIN 
VALVE     X/UVftP 


MAKE  UP 
SUPPLY 


VALVE 


THERMOSTATIC 

VALVE  _     ^ 

"t     "SWING 
T      Oheck 

WATe'r       THERMOSTAT        VALVE     -<C^ 
OUTLET  HOTWELL  PUMP   ^ 


Pig.  5,695. — Sectional  view  of  a  surface  condenser  showing  arrangement  of  motor-driven  con- 
densate pump  and  one  or  more  Wheeler  steam  jet  or  ejector  air  pumps  with  connections  to 
condensing  tank  arranged  for  thermostatically  controlled  feed  water  make-up. 

high  vacutun  requirements  has  restilted  in  a  marked  development 
of  condenser  air  pumps,  resulting  in  a  multiplicity  of  types, 
some  of  which  are  very  efficient. 

In  general  air  pumps  may  be  classified 

1.  With  respect  to  the  duty  they  perform,  as 

a.  Wet. 
h.  Dry. 

2.  With  respect  to  the  mode  of  operation,  as 
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a.  Direct  connected. 

b.  Independent. 

3.  With  respect  to  the  principle  of  operation,  as 

a.  Displacement. 

b.  Impulse. 

c.  Sntrainment. 

d.  Jet  or  ejector. 

4.  With  respect  to  the  mechanical  features,  as 

a.  Plunger.*  /.  Vertical. 

b>  Piston.*  g.  Centrifugal. 

c.  Single  acting.  h.  Rotary. 

d.  Double  acting.  *.  Jet. 

e.  Horizontal. 

The  earliest  pumps  and  the  kind  largely  in  use  at  present  where 
ordinary  vacuums  are  employed  are  of  the  displacement  type^ 
where  a  plunger  or  piston  displaces  the  atmosphere,  thus  creating 
a  vacuum. 

Fig.  5,696  shows  the  latter  type  as  generally  furnished  with  marine 
'engines  where  the  pumps  are  direct  connected,  that  is,  operated  by  the 
engine. 

The  dry  air  pump,  as  commonly  constructed,  is  a  direct  steam  driven 
reciprocating  imit,  with  its  air  cylinder  and  valve  mechanism  designed  to 
reduce  as  far  as  possible  the  return  to  the  condenser  of  the  compressed  air 
from  the  clearance  sf^aces.  When  it  is  realized  that  the  air  expanding  back 
from  the  clearance  will  exceed  many  times  the  original  voltune,  it  becomes 
evident  that  the  reciprocating  type  is  not  the  ideal  air  pump  for  highest 
vacuums. 

To  overcome  this  defect,  the  author  designed  a  reciprocating  air  pump 
with  practically  zero  clearance  for  his  marine  engine  (see  Chapter  62) . 

In  order  to  overcome  the  inherent  defects  just  mentioned, 
builders  have  resorted  to  other  operating  principles ,  such  as  entrain-- 
mentj  spiro-heating  jet  ejection,  etc.  These  are  illustrated  in  the 
accompanying  illustrations. 


*  NOTE. — ^The  author  objects  to  the  erroneous  yet  common  misuse  of  the  terms  pluneer 
and  piston. 


\r 
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Pio.  S,686.— Vertical  Miglo  wtina  direct 

and  comStlels-  rr •"  '—  ''     '-  ^- 

toit;  and.beingvv.—..,  wui^-xu...^ 
prewiN.  As  it  usualijr  aujmarts  th« 
iboald  be  fitted  ID  a  thonnishly  air  ti| 
to  a  fiance  or  facing  of  th«  ch*nnd 


manner.    The  harrcl  or  cylinder  connects  generally 

wiui  cominHLiaii  •bcvb  [lahtly  rolled  in.    It  is  btned  truly  cylindricaion  its  norking  face, 
with  itight  recessei  at  tog  and  bottom.  limilar  to  a  steam  cylinder,  for  the  over  running  of 

oftenStted  above  or  directly  in  thobon:  of  the  barrel ,  ii 


tba  barrel.  It  holds  the  head  valve  seat,  which,  faaweve 
bolted  directly  to  the  tgp  flange  o£  the  barrel.  Cast  iron  i 
the  United  Swtea  Navy  requires  composition.  The  vertif 
of  the  discharge  water  serves  to  water  seal  the  valves  to  pr 
are  generally  used  except  in  the  Navyj  where  metal  is  em 
^•enTVBdily.andtnakeagDod.tiffht  joint,  but,  si  nee  miner 
lubrication,  the  ordinary  rubber  c^eteriorates  under  its  infl 
frequent.  On  account  of  their  giester  durability,  meUl 
rui^  or  fibre  valves  justly  enjoy  s  certain  popularity,  i 
tbow  made  of  soft  rubber.  In  form  the  vafves  are  eithi 
lift  up  on  one  ed»  against  a  curved  metal  suard,  or  are  1 
v»lves,  riiiog  bodily  from  their  seats.    To  secure  a  quick  i 


ertoavoiddismoun 
leenpineer^.    Thedi 

.is' also  found  in< 
extensively  used  { 
leitensionforthi 
vent  air  leakage, 
lo^wd.    Rubber  VI 

'alves  are  employed. 


■ings  of  bronu  wire  are 
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PtQ.  5.6M.—Tixlamtinutil. 
sODictims  fitted  on  them.    Ths  v 

composition.    For  the  round  valve' .— , —  ._^ , 

liCcinsmovementj,  which  Bn  limited  byasuud  at  the  too  oEthastud.  The  flap  vslvei sia 
clamped  to  the  seat  on  th«  rtalionaiy  ed«  t>y  their  cmT^  guatda.  The  pittoa  or  bucket  o£ 
theair  pump  iaoctuated  either  by  a  lolid  piston  rod,  or  by  a  hollow  tmnic,  made  entirEly  of 
composition,  or  covered  by  a  oompOBhion  Seeve .  The  piston  rod  type  must  have  a  connect- 
ing rod  and  suidei  above  the  top  cover,  vhile  the  tninlc  type  contains  the  connecting  md 
beatings  in  the  tnink  sear  thQ  piston,  and  requires  no  eitra  guides.  The  budcet  carries  the 
buclcet  valves,  which  allow  the  air  and  water  to  pas*  to  tba  deliveiy  side.  The  tightoeit  of 
the  bucket  against  the  aide  of  the  barrel  is  secured  by  a  vsivbioad,  colid  instan.  with  water 
gioave*ti>itoplealuige,or,moracommonlyiby  (Ntudnf.  Thi*  paclcins  may  consist  of  one 
ormoresplitmetalpacldDfTiiigs,  bearing,  by  theirclaitici^.ainunatthe  walls,  or  of  fibrous 
or  Boft  material,  held  in  place  and  compreBcd  by  a  bolted  totknier  ring.  A  Etuffingbu 
is  provided  in  the  top  cover  for  water  tutht  passage  oC  the  piston  rod  or  trunk.  Wltli  the 
large  diameter  of  the  trunk  the  depth  of  the  atunmabox  should  be  ample,  as  the  jf^'ki-g 
cannot  be  compressed  as  uniformly  as  aroimd  a  smal]  rod. 
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CHAPTER  86 


EVAPORATING  AND  DISTILLING  APPARATUS 


On  shipboard  the  fresh  water  required  as  "make  up"  for 
boiler  feed,  and  for  drinking,  cooking,  etc.,  is  obtained  by  evap- 
orating the  sea  water  and  distilling  the  vapor  by  a  form  of  con- 
denser. The  plant  for  this  work  consists  of  an  evaporator,  dis- 
tiller, and  the  necessary  pumps  which  are:  evaporator  feed  pump, 
brine  pump  and  a  pump  for  circulating  the  condensing  water 
through  the  distiller. 

Ques.  What  are  the  functions  and  construction  of  the 
evaporator  and  distiller? 

Ans.  The  evaporator  evaporates  salt  water  into  steam, 
which  is  then  condensed  in  the  distiller  or  condenser  to  freslji 
water.  It  can  then  be  used  for  drinking,  boiler  feeding  and  other 
purposes  for  which  salt  water  could  not  be  used. 

The  reason  for  fitting  evaporators  in  ships  is  because  of  the  loss  of  fresh 

.  water  by  leakage.    This  fact  requires  that  an  additional  supply  of  feed 

water  be  obtained  either  by  carrying  a  supply  in  tanks  or  gaining  it  in  the 

evaporator.    In  modern  installations  a  certain  amount  of  the  product  of 

the  evaporators  is  aerated  and  used  for  culinary  purposes. 

The  evaporator  is  a  small  boiler,  consisting  of  shell  and  heads  and  with 
steam  and  water  space.  The  salt  water  it  contains  is  heated,  not  by  fire 
^ses,  but  by  steam  from  the  boiler  or  one  of  the  main  engine  receivers. 
This  water  circulates  through  an  internal  system  of  pipe  coils,  until  con- 
densed and  drawn  on  to  the  condenser. 

The  steam  thus  generated,  if  of  fairly  high  pressure,  may  be  employed 
in  a  second  evaporator,  thus  securing  a  double  effect. 
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For  boiler  feeding,  all  the  cx)ndensed  water  and  low  pressure  steam  is  led 
to  the  condenser,  from  which  point  the  air  pump  delivers  it,  in  form  of 
water,  to  the  hot  well. 

If  the  evaporator  steam  is  to  be  used  for  production  of  drinking  water 
it  is  led  first  to  a  special  nozzle  system  called  the  aerator,  where  air  is  mingled 
with  it  to  make  the  water  drinkable.  From  the  aerator  it  passes  through 
tinned  condenser  coils,  cooled  by  circulation  of  sea  water,  into  a  filter,  or 
storage  tank,  ready  for  use. 

Through  the  evaporation  of  the  salt  water  a  very  strong  deposit  of  salt 
is  thrown  down  upon  the  heating  coils,  which  must  be  removed  frequently 
for  the  efficiency  of  the  heat  transmission. 


SINGLE  EFFECT 

5TEAM  SUPPLY 


DOUBLE  EFFECT 


EVAPORATOR 


£ 


M> 


kJ 


^==     Ck 


o 


1 


1ST  EVAPORATOR  'TrtNo  EVAPORATOR 


HOT  WELL 


£1 


DRINKING 
WATER  TANK 


Figs.  5,698  and  5,699.— Elementary  evaporators  illustrating  single  and  double  nffea  evap- 
oration as  described  in  the  text. 

Some  constructions  provide  for  an  easy  removal  of  the  whole  coil  system^ 
while  others  crack  the  scale  off  by  sudden  contraction  of  the  hot  coils  by 
cold  water  and  removal  of  the  scale  from  the  bottom  through  man  and  hand 
holes. 

Evaporators  are  fitted  in  the  same  manner  as  boilers,  with  steam  gauge. 
safety  valve,  stop  valve,  water  gauge,  feed  check,  bottom  blow  valve  and 
salinometer  cock. 


The  Plant  in  Operation. — ^The  steam  from  the  boilers  (at  a 
pressure  which  should  not  exceed  30  pounds  per  square  inch) 
enters  the  top  of  the  manifold  of  the  evaporator,  passes  through 
the  tubes,  thereby  being  condensed,  and  is  drained  off  through  a 
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steam  trap,  thence  back  to  the  boiler,  carrying  with  it  such  heat 
as  may  remain. 

The  salt  or  polluted  water  surrounds  the  tubes  and  should  not 
be  carried  at  a  height  that  would  more  than  barely  cover  the  top 
row  of  tubes;  it  is  vajwrized  by  the  passage  of  the  live  steam 
through  the  tubes  and  should  not  be  allowed  to  reach  a  pressure 


Fic  fi.700.  Colli  and  manlfoldg  of  Rdlly  multi^coil  cvanorator  showliix  seneial  Brranceinenl. 

in  shell  of  over  10  pounds  per  square  inch.  The  vapor  passes 
over  to  the  distiller,  where  it  is  condensed ;  the  resultant  water 
flows  to  the  filter  tank.fromwhenceit  is  pumped  or  drained  to 
storage  tanks. 
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Fig.  5,703.  Marine  installation  of  Reilly  mnlti-coil  evaporator  and  dietiller  plant  for  feed  make 
up  and  drinking  water.  It  conaUta  of  evaporator,  distiller,  aerating  filter,  circulating 
pump,  feed  pump,  trap  and  storage  tank.  These  units  may  be  located  wherever  desired 
except  that  the  distiller  should  be  placed  as  high  above  the  evaporator  as  possible.  .The 
steam  for  evaporator  coils  should  be  taken  direct  from  boiler  or  auxiliary  steam  main,  and 
the  drain  should  be  led  to  the  trap,  which  discharges  into  hot  well  or  filter  box.  The  vapor 
connection  on  shell  of  evaporator  should  be  valved,  and  led  either  to  feed  water  heater,  I.  p, 
receiver,  or  to  main  engine  condenser;  the  relative  efficiency  of  the  three  methods  depending 
upon  local  conditions.  A  branch  from  the  vapor  pipe  should  be  led  to  a  special  distiller  for 
drinking  and  culinary  purposes.  The  condensed  vapor  from  the  coils  of  the  distiller  runs  by 
sravity  to  the  aerating  filter,  and  thence  to  the  fresh  water  tanks.  The  circulating  pump 
and  feed  pump  may  be  located  wherever  is  most  convenient;  but  when  possible,  locate  the 


3,164       EVAPORATING  AND  DISTILLING  APPARATUS 

The  distiller  circulating  pump 
-  forces  cold  water  into  the  bottom 

of  the  distiller,  around  the  steam 
coils  and  overboard.  As  this 
water  in  its  pass^e  through  the 
distiller  becomes  warm  it  is 
economical  to  use  part  of  it  for 
evaporator  feed. 

To  Blow  Off  Brine  from  ibe 
Evaporator. — When  a  saturation 
of  ^  has  been  reached,  with  the 
feed  pump  running  to  keep  the 
water  at  its  normal  level,  start 
the  brine  pump  and  remove  the 
brine,  orshutotf  the  boiler  steam 
supply,  and  keeping  the  water 


«n  (Balrd  patent)  evrpoia- 

ratea  capacre^  is  bued  on  an 

tin!  surface  whiclt  li  greatly 

cxcesuve  when  tubes  are  cltan,  but  thb  allow- 

•caW  and   not, fully  effective.    With  dean 

ceeded.  The  shells  are  made  of  boiler  [ilate, 
with  dished  Med  heads  both  ends;  the  tubes 
are  of  sC«!  or  brass  (as  desired),  expaoded  in 
sheel  Bleel  lube  heads,  and  can  be  entirely 
removed  by  breakini  one  ioinC  The  steam 
cbag;  and  lubes  are  toted  to  260  poundi 
preSure  and  the  shell  to  SO  pouiid*  pnnure 
per  square  Inch.  The  tolbniiiic  fittinci  are 
provided:  Sprine  pop  nfetr  vuve  for  ibetl. 
water  cauge  with  fittinti,  iteam  saosc  tor 


h  fittinti.  It 
shell,  steam  trap  for  drain  from  tuGn,  feed, 


Fig.  5.703.  T«lcoi«iii«of. 
evaporator  feed  pumn  close  to  evaporator,  »o  that  the  engineer  may  conveniently  time  th 
pump  according  to  the  water  levd  in  evaporator  gauge  glass.  The  suction  to  evaporati 
feed  pump  may  be  taken  either  from  the  circulating  pump  discharge  or  direct  from  the  se 
The  evaporator  feed  pump  discharge  may  be  led  directly  mto  the  evaporator,  or  if  prefem 
may  be  first  passed  through  a  small  feed  water  heatei.  takmg  its  steam  supiiiy  from  U 
eihauat  of  the  pump.    When  fitting  up  the  feed  pump,  provide  a  branch  from  ila  dischan 
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level  at  its  proper  height,  wait  until  the  machine  ceases  to  oper- 
ate, stop  feed  pump,  then  open  up  the  brine  cock  and  drain  ofif 
the  brine,  then  start  feed  pump  and  wash  out  evaporator;  or 
when  the  evaporator  feed  pump  is  connected  as  shown,  it  is 
used  to  draw  oflf  the  brine.  In  any  case  do  not  attempt  to  empty 
evaporator  with  steam  pressure  on  the  tubes,  or  a  badly  scaled 
evaporator  will  be  the  result. 

"Makmg  Up"  Boiler  Feed  Water.-7-When  it  is  desired  to  use 
all  or  part  of  the  water  evaporated  for  boiler  feed,  connection  is 
made  from  the 
evaporator  vapor 
pipe  to  the  main 
condenser. 

Fio.  8,708.  Dsvldjon 


othersmay  b«  used  witb- 
thedefecUvecoll.  Witti 


iroush  the  pipe  In  fi]  t«r 
nk  to  the  bottom  of 
mt  and  filtara  uiiward 
irough  charcoal  and  is 
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It  IS  good  practice  to  evaporate  the  water  thus  under  vacuum; 
when  this  is  done  the  steam  pressure  in  the  tubes  should 
be  kept  as  low  as  possible,  and  care  should  be  taken,  when  blow- 
ing off  by  the  second  method  herein  mentioned,  to  close  the 
valve  in  the  vapor  pipe,  to  prevent  breaking  the  vacuum  in  the 
condenser. 


5TEAM  TO  __ 
DISTILLER  "^ 


STEAM  PIPE 
FROM  BOILER 


CIRCULATING 
WATER 


PIPE 
OVERBOARD 


STEAM  TRAP 


DRAIN  PIPE 
FROM  EVAPORATOR 


FEED  PIPE  TO 
EVAPORATOR 


&RINE  AND 
FEED  PUMP 


Fig.  5,706.  Diagram  of  Davidson  (Baird  patent)  evaporating  and  distilling  apparatus  showing 
manner  c^  connecting  up  a  plant  to  make  drinking  water;  all  parts  are  shown  except  circulat- 
ing pump;  one  pump  is  used  for  both  evaporator  feed  and  brine. 


On  vessels  making  long  voyages  an  evaporator  is  practically 
indispensable  and  even  where  the  trip  is  of  such  duration  that 
the  supply  may  be  replenished  at  different  ports,  the  fact  that  all 
fresh  water  is  not  desirable  for  boilers,  makes  the  use  of  an 
evaporator  advisable  in  order  to  maintain  the  full  efficiency  of 
the  boilers,  prevent  the  formation  of  scale  and  the  serious  damage 
resulting  therefrom. 
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Amount  of  "Make  TTp"  Reqnired. — ^The  waste  of  feed  water 
by  overflow,  blowing  of  whistle,  leaks  in  the  boilers,  condensers, 
stuffing  boxes,  pipe  joints  and  valves,  Varies  greatly;  it  is  more 
nearly  in  proportion  to  the  quantity  of  feed  water  used  than  to 
the  horse  power. 


Bltachfd  an  ar 
the  heatini  ek 

.orrepalr.  A  baffle  in  th* 
prevent  primlnc.  Shtll — The  cylJndrlcat  shell  and  Its  con 
hearth  boilM«H*lorcaBt  iron  as  ipecified.  Thesideof  sh 
door.    JWaniroJdi— The  top  and  boltom  mantfolda  for  K 


Fios.  K.707  ^nd  5_708.Rowand  Davis  oaramn  evap 
orator.  Pig.  S,707,»ideviBw;fin,  5.708.  too  vien 
Stowing  nan  If (dd  in  oiwn  and  eloted  position 
Steam  «  any  initial  preaBurt  down  to  atmoft. 
phere  may  be  uiiliwd  so  that  evaporator  may  bi 
operated  aa  a  Binele  unit  or  wftb  multiple  eSect 
In  marine  practlct  the  steam  pressure  cam 
roonly  uwd  is  from  75  lb.  to  100  Iba,  General 
•"-'"     '■— ^-tB  of  ahell  with  door  to  which  h 


n  the  jointi.    The  belica 


CWIa— Thew  ai 


.-  ...  „...r-.-ati«e».    This  permits  the  scale  to  be  removed  by  suddenly  flooding  the 

evaporator  with  cold  water  and  blowiuc  down  at  mtervali,  and  lo  a  gieaC  extent  elimin- 
ates icallng  by  hand. 

Usually  a  vessel  filled  with  engines  which  give  a  horae  power  on,  say,  K 
pounds  Dl  feed  water  will  waste  lesa  water  per  norse  power  than  a  veasel  with, 
engines  requiring  40  pounds  of  feed  water  per  horse  power. 
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purposes,  except  bathing,  Is  about  2^  ^gallons  per  day.  The  distilling:  appar- 
atus  is  always  made  large  enough  tosuf^ply  much  more  than  the  amount  ^ 
water  required,  to  allow  for  .acadents,  and  also  that  the  full  supply  may  be 
•obtained  by  running  the  apparatus  a  portion  of  the  day. 

Double  Effect  Evaporators.^ — In  battleships  and  large  pas- 
senger vessels  where  the  economy  of  compounding  is  of  sufficient 
value,  the  evaporators  should  be  arranged  in  double  effect. 

When  arranged  thus,  the  vapor  from  No.  1  is  carried 
over  into  the  tubes  of  No.  2.  The  drain  from  the  first 
evaporator  should  be  led  to  the  hot  well,  and  the  drain 
from  the  second  evaporator  led  to  the  fresh  water  con- 
denser, and  there  cooled  down  to  be  used  by  the  pasr>engers 


JPXGS.  5,709  and  5,710.  Koierting  universal  bil^  ayphons.  Pig.  5,700  illustrates  the  use  of  syphon 
as  a  safety  appliance  on  board  ships;  F1k4»,710,  its  use  as  an  emergency  biUse  pump. 

and  crew.  The  generated  steam  from  the  second  evaporater  may  either  be 
used  as  a  boiler  make  up,  or  led  to  the  condenser  or  distiller.  By  compounding 
the  evaporators,  a  savmg  of  atx>ut  30  per  cent,  of  the  coal  may  be  obtained. 

Arrangement  of  Evaporator* — ^An  evaporator  may  be  arranged 
in  various  ways,  depending  upon  the  manner  in  which  the  vapor 
generated  therein  is  to  be  utilized.  The  three  principal  methods 
of  using  the  vapor  are: 

1.  By  discharging  it  direct  into  the  condenser,  there  to  mik  with 
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the  condensed  steam,  and  be 

;  it  into  die 
casing,  so 
upon  the 
on  before 
:nsed  with 
team  pass- 
^ne. 

to  heat  the 
r  means  of 


Koevttltir 
type  evapor. 

chamber  and 

chaniben?^ 
Ibowjns  coil* 
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The  comparative  ecoiuuny  of  these  different  arraneements  is  given  below, 
and  tt  will  be  seen  that  the  mort  economical  method  ofworkiM;  an  evapmator 
IS  to  utilize  the  generated  steam  to  heat  the  boiler  feed  water. 

Evaporating  Into  the  Condenser. — As  it  is  usual  to  place  a 
vapor  or  reducii^  valve  between  the  evaporator  and  the  con- 


Fica.  6,TIS  to  l.lU.—SehutU  and  Komrtint  distiller.  The  fmh  irater  dutnier  ii  mscticiUr 
•n ordinary  BurfacBmndeIlM^  which  may  be PUeedverticaUy  Of  horiiooUllyaccoriliDB  to  the 
pBiticuUr  reqiuTements  from  time  to  time.  The  steun  ii  admitted  tbrough  ■  baffle  plate  to 
the  Qutaide  of  the  tubss.  The  lop  portion  of  the  tubes  acts  aa  «.  condenier  for  the  vapor,  wlule 
the  lower  portion  of  the  tubes  acta  as  a  water  cooler  before  it  paaies  to  the  condensed  water 

Cmp.  The  figure  shows  type  Z.  distiller  which  is  ot  the  aUaight  tube  conatructbn  desianed  to 
placed  in  a  vertical  position,  the  circulating  water  flowins  thRiugh  the  tidNi  and  the  aimin 
paninK  around  the  outside  of  the  tubes,  s  Full  cocjlng^ect  facinc  obtained  by  neu*  of 
spedid  baffle*  shown  in  the  llluitration.  The  tube*  are  seamttu  drawn  bran,  tinned  bolb 
inside  and  outside,  shells  and  headers  xn  cast  iron.  Special  arranlement  is  provided  whkh 
permits  of  free  expansion  and  contraction  of  the  lube  bundle.  The  whole  lube  bundle  can 
be  removed  for  periodical  cleaning  if  this  should  be  found  neceasuy.    The  dlotUkt  to  pio- 
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denser,  it  may  be  assumed  that  evaporation  takes  place  at 
atmospheric  pressure;  and  the  temperature  corresponding  to 
this  is  212^  Fahr, 

The  water  for  feeding  the  evaporator  being  taken  from  the 
circulating  discharge,  its  temperature  may  be  taken  at  80°  Fahr» 

To  maintain  the  density  at  r^,  two-fifths  of  the  total  amount  of  water 
admitted  to  the  evaporator  must  be  discharged  into  the  bilge,  and  conse- 


SS  St 

Fig.  5,715.  SehtUte  and  KoerUng  arrangement  of  evaporating  and  distilling  plants*  The 
parte  arms  E,  evaporator^,  distiller:  F.^lter;  H,  evaporator  feed  water  heater;  CP.  evapora- 
tor circulating  pump;  FwT>  fresh  water  tank;.SS,  sea  suction;  FP«  feed  pipe;  C,  circulating 
IMpe;  VP,  vapM*  pipe;  P,  condensing  pump;  OD,  overboard  discbarge;  V.  low  pressure  safety 
valve;  SG,  steam  gauge;  CG.  compound  vacuum  and  pressure  gauge;  SV,  high  pressure  safety 
valve;  RV,  reducing  valve;  WG,  water  gauge;  S,  salinometeroock;  BO,  blow  off;  BC,  brine 
cooler. 

quently  to  produce  1  lb.  of  pure  steam  134  lbs.  of  water  must  be  admitted  to 
tne  evaporator;  of  this,  1  lb.  is  evaporated  and  %  lb.  discharged  into  the 
bilge  as  hot  brine. 

The  total  heat  required  to  make  1  lb.  of  pure  steam  is  the  sum  of  thd  heat 
in  the  steam  and  that  discharged  in  the  hot  brine. 
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Amountof  heat,  in  thermal  units,  in  lib.  of  steam\  1  AAA       ^u         t 
at  212 **  above  80 °. /  ^'"^       thermal  units. 

Amount  of  heat  in  %  lb.  brine  at  212**  above  80**}  %  of  132 =83 

.    Total  heat  required  to  make  1  lb.  of  pure  steam,!  ^  aaa  i  qq    t  iot    .4 
being  the  sum  of  the  above .......:.../  1,099+88-1,187 

If  it  be  assumed  that  1  lb.  of  coal  will  evaporate  10  lbs.  of  water  from  and 
at  212**  Fahr.,  that  is,  that  9,666  Uiermal  units  will  be  obtained  from  the  com- 


no.  5,716.  Evoporatar  arranged  to  ew^torate  into  the  condenMer;  simiile  but  least 
eoonoinical.  In  this  arrangement  the  steam  generated  in  the  evaporator  is  discharged 
into  main  condenser  through  the  pipe  S,  and  reducing  valve  T.  The  necessary  feed  water  for 
the  evaporator  is  taken  from  the  arculating  discharge  by  the  pipe  R,  and  enters  the  evaporator 
by  the  non-return  valve  G.  The  steam  condensed  within  the  coils  flows  by  Che  pipe  X,  to  the 
hot  wdl.  A  pipe  U,  conducts  the  brine  from  the  brining  oock  M,  to  the  bilge.  By  placing 
the  reducin^r  valve  T,  low  on  the  condenser,  as  shown,  the  steam  from  the  evaporator  is  al- 
lowed to  mmgle  with  the  feed  water,  and  thus  heat  it  to  a  slight  extent.  The  amount  of 
heat  thus  utilized  is,  however,  necessarily  small,  as  it  is  impossible  to  raise  the  temperature 
of  the  water  above  that  corresponding  to  the  vacuum  in  the  condenser.  With  this  arrange- 
ment, as  the  water  flows  into  the  evaporator  by  its  own  weight,  it  is  necessary  to  place  the 
apparatus  as  low  as  possible,  so  that  there  may  be  a  considerable  head  of  water. 

bastion  of  1  lb.  of  coal,  it  follows  that  the  amount  of  pure  steam  generated  by 
1  lb.  of  coal  with  this  arrangement  is 


9,666 
1.187' 


8.14  lbs. 
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8^4-275  lb.. 

Evaporating  Into  Low  Pres- 
sure Valve  Chest — In  this  case 
the  steam  from  the  evaporator  is 
dischai^ed  into  the  low  pressure 
valve  casing,  and  does  work  upon 
the  low  pressure  pistcoi  before 
being  condensed.  There  is  there- 
fore a  saving  over  the  previous 
arrangement,  which  may  be  cal- 
culated as  follows: 

In  an  economical  triple  expansion 
engine  17  jjercent.  of  the  total  heat  Jn 
the  steam  is  turned  into  work,  conse- 

Juently  if  it  is  assunned  that  the  power 
eveloped  in  each  cylinder  ia  equal, 
one-third  of  this  (or  5-66  per  cent.)  is 
devdoped  in  the  low  pressure  cylinder. 

Also,  as  17  per  cent,  of  the  total 
heat  is  utilized,  83  per  cent,  must  be  re- 
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jected;  the  amount  of  heat  entering  the  Lp.  cylinder  must  therefore  be  88.66 
per  cent,  of  the  total  heat.  That  is  to  say,  out  of  the  total  heat  entering  the 
Lp,  cylinder  the  amount  utilized  is 

i4|4M=6.38  per  cent. 
88.66 

Had  this  heat  been  used  in  the  same  manner  as  the  rest  of  the  heat  passing 
through  the  engine,  the  amount  utilized  would  have  been  17  per  cent.  The 
amount  regained  in  the  Lp,  cylinder  is  therefore 


Fig.  5,719.  Evaporaior  arrans^  to  evaporate  into  the  iow  pressure  stettm.  cheeim  Hert 
it  is  necessary  to  fit  a  small  pump  V,  for  the  supply  of  water  to  the  evaporator.  .This  water 
is  taken  from  the  circulating  discharge,  as  before,  by  the  pipe  R.  and  enters  the  evaporator 
by  the  pipe  W,  and  non'retum  valve  G.  A  two  way  coclc  Y,  is  placed  in  the  steam  pipe  S« 
and  it  is  thus  possible  to  discharge  the  steam  from  the  evaporator  into  the  l.p.  valve  casing, 
or  into  the  condenser  at  wUl.  A  non-return  valve  Z,  should  be  placed  on  the  Lp.  valve  casing. 
In  ordinary  cases  with  the  engine  working,  the  steam  from  the  evaporator  would  be  led  into 
the  l.p.  valve  casing;  but  when  the  evaporator  is  used  in  port  the  steam  is  discharged  into  the 
condenser,  thus  allowing  any  waste  of  water  to  be  made  up. 


Now,  let  the  pressure  in  the  Lp.  valve  casing  be  7  lbs.  per  souare  inch,  the 
temperature  corresponding  to  which  is  233.1^  Fahrenheit,  and  let  the  tem- 
perature of  evaporator  feed  water  be  80^  as  above,  then 
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Amount  of  heat  in  1  lb.  of  steam  at  233.1  \h  ^cuk  ^.u.^.*^.!  ..«:«« 

above  80* |1,104.5  thermal  units. 

Amount  of  heat  in  %  lb.  of  brine  at  233.1  •\ox  ^riKot     ino  i  «« 

above  80* ./'^  ^^  163.1-102.1 

Total  heat  required  to  make  1  lb.  of  pure\,  ir^i  k  j_irto  i     i  onu  a  " 
steam,  being  the  sum  of  above ,.:.  /1404.6+102.1  -1,206.6 

Amount  regained  in  Lp,  cylinder. }  J^  of  1,104.5  —414.2         ** 

Net  cost  of  making  1  lb.  of  pure  steam  is . . )  l^S|d6i6--€f|.2  -792.4     ** 

'  Amount  of  steam  generated  per  lb.  of  coal .  r^^j  — 12.19  lbs. 


Fig.  5,724.  Evaporator  arranged  to  evflQMrate  into  feed  water  heater.  The  feed  heater  if 
shown  at  FH.  The  water  from  the  hot  well  enteo  by  the  pipe  Al,  and  after  bdns  heated 
flows  by  the  pipe  Bl,  to  the  main  feed  pump  suc^n.  A  two  way  cock  Y,  is  placed  on  the 
evaporator  outlet  pipe  S,  so  that  the  steam  from  the  evaporator  may  enter  the  condenser  by 
the  reducing  valve  T,  or  may  be  conducted  by  the  pipe  CI  to  the  feed  heater.  The  drain 
from  the  coils  may  be  led  by  the  pipe  X.  into  the  pipe  Cl«  at  any  point  beyond  the  two  way 
€ock»  as  shown.  Dl  is  a  pipe  for  the  escape  of  air  and  vapor  from  the  feed  heater,  and  Is 
led  into  the  hot  well  at  any  point  above  the  usual  water  level.  For  the  purpose  of  providing 
pure  drinking  water,  part  of  the  steam  generated  in  the  evaporator  may  be  condensed  Iq  snj 
fresh  water  condenser,  and.  being  free  from  grease,  it  is  very  suitable  for  this  purpose* 
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Consequently,  to  make  1  ton  of  fresh  water,  the  amount  of  coal  required 
with  this  arrange.ment  is — 

g|-183.71bs. 

Evaiwratiog  Into  Peed  Water  Heater. — In  this  case  the^team 
pressure  in  the  evaporator  is  about  1  lb.  above  the  atmosphere^ 
and  as  the  steam  is  entirely  condensed  among  the  feed  water,  and 
is  thus  pfumped  into  the  boilers,  the  only  actual  expenditure  of 
heat  is  that  caused  by  brining. 

Let  the  steam  pressure  in  the  evaporator  be  1  lb.,  the  tempera- 
ture corresponding  to  which  is  216.3°  Fahr.,  and  let  the  tem- 
perature of  evaporator  feed  water  be  80°  as  before,  then 

Heat  in  %  lb.  of  brine  at  216.3  **  above  80  ** . }  %  of  136.3  =  90.0  thermal  units. 
This  being  the  whole  expenditure  of  heat,  the  amount  of  steam  generated 


per  pound  of  coal  is 


9,666 


106.3  lbs. 


90.9 
Therefore,  the  amount  of  coal  required  to  make  1  ton  of  pure  water  is 

T?^ -21  lbs. 
106.3 

412.  What  pumps  are  needed  for  the  evaporator  and  distiller 
service? 
A  pump  is  needed  for  feeding  the  evaporator  with  sea  water 
and  for  circulating  the  cooling  water  through  the  distiller. 

Note — Evaporaton,  The  advantages  of  supplying  marine  boilers  "with  pure  water  arer 
great,  and  are  so  obvious  as  not  to  need  specifying.  '  The  necessity  of  it  was  not,  however,  so 
severely  felt  until  voyages  of  considerable  length  had  been  made  with  ships  whose  boilers  work 
at  pressures  of  100  lbs.  and  upwards.  The  weight  of  water  evaporated  in  boilers,  whose  work' 
'ing  pressure  is  150  lbs.,  is  much  greater  in  proportion  to  the  size  than  was  the  case  with  those 
working  at  75  lbs.;  and  the  evils  arising  from  the  deposit  of  scale  are  magnified  with  the  higher 
pressure  and  consequent  higher  tempemtuxe.  Again,  the  liability  to  put  on  scale  is  greater, 
inasmuch  as  the  losses  from  leakages  are  greater  with  the  higher  pressures.  Hence,  the  okt 
system  of  making  up  loss  of  water  by  a  supply  from  the  sea,  although  a  very  simple  and  ready 
one,  was  not  by  any  means  satisfactory,  and  did  not  remedy  the  evil,  but  rather  magnified  it. 
The  Admiralty  and  some  private  ship  owners  tried  to  obviate  it  by  providing  a  supply  of  fresh 
water  in  the  double  bottoms,  or  in  tanks  specially  fitted  for  the  purpose.  This,  however,  was 
only  half  a  remedy,  inasmuch  as  the  fresh  water  generally  obtainable  contained  large  quantities 
of  fime  and  other  salts  which  gave  a  hard  deposit  difficult  to  remove.  Moreover  this  fresh 
water  cost  mcMiey ,  and  was  so  much  extra  weight  to  carry  which  really  added  to  its  cost.  Then 
recourse  was  had  to  the  auxiliary  or  donkey  boiler  to  obtain  distilled  water,  which  meant  ait 
expenditure  of  coal  and  labour  in  cleaning  out  these  boilers  after  they  had  become  coated. 
These  small  botlets  very  soon  got  so  coated  that  they  had  to  be  stopped  for  a  thorough  dean* 
out;  and  during  the  time  they  were  at  work  there  was  always  the  risk  of  damaging  them*  In 
spite  of  these  difficulties  it  was  found  to  be  the  most  satisMictory  way  of  obtaining  an  extra 
supply  for  the  main  boilers,  and,  consequently,  improvement  was  made  in  this  direction  by 
supplying  a  small  boiler,  whose  heat  is  obtained  from  either  the  steam^  direct  from  the  main 
bdlers  or  from  the  exhaust  from  one  or  other  of  the  cylinders.— 5ea/cm. 
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Figs.  5.725  and  5.720.— Lillie  evaporator,  made  by  Wheeler  Condenwr  Co.  The  operation  of 
this  eVBpontordiSen  from  ordinaiy  type  In  two  napBCtsil.evaporalian  from  the  tea  mter  IS 
from  films  caused  by  a  mechanidJ  showering  of  the  sea  water  over  the  evapotBting  tubesi  2, 
the  nTOvemeot  of  the  vmors  or  heat  through  the  appsratua  i»  periodfcany  levened.  The 
former  promotes  the  efficiency  of  the  evaporating  auifiuse.  and  the  latter,  by  a  &eque&t  cbana- 
ing  of  the  tempeiatuns  through  the  efccli.  prevents  mcnutations  to  tiuib  a,  degree  tbat  the 
apDaratui  may  b«  tun  for  long  perloda  without  &  material  faHInc  oS  in  capacity.  The 
evaporacinjc  tubes  toward  the  eteam  end  open  through  the  tube  plate  partition,  In  which  they 
mre  firmly  expanded  (without  annealing.  The  other  ends  of  the  tubes  open  iota  a  floating 
head  or  box,  the  front  wall  of  which  is  a  removable  plate.  The  tubes  are  free  to  expand  or 
conCradC  Independently  of  the  shell  of  the  effect.  The  tube  ptate.  tubes  and  floating  bead 
may  be  taken  from  the  bodyenmasae,  through  the  open  head  of  the  Bteam  end  after  remov- 
ing the  bolts  which  hold  the  tube  plate  to  the  body  flange.  The  tubes  are  staagered  verti- 
cally, but  not  horizontally  or  diagonally,  and  may  be  cleaned  by  scaling  irons  when  necessary. 
The  heads  of  the  effects  swing  on  hingca,  and  are  held  closed  by  swing  bolts.  On  the  under 
aide  Is  a  specially  designed  centrifugal  circulating  pump  located  midway  between  the  ends 
of  the  body.  Steam,  or  vapor  from  a  hotter  effect,  entcTi  the  steam  end,  tbencc  Into  the 
tuZwSfinwhichitiacondensedby  and  causes  es^poration  from  the  sea  water,  which  is  circu- 
lated over  the  tubes  by  the  circulating  pump.     The  resulting  vapois  escape  tbrou^  a 


baffle  plate  into  the  "vapor  end"and  thenceaway  from  the  effect  at  the  t 

op.    A  diaphragm 

At  the  top  (rf  this 

wnward  by  a  hood 

mai-lied  in  the  plate  ■'Separator."     Below  this  hood  is  a  pan  in  which  i 

«e  placed  inclined 

...  .  r   into  the  D_.. 

aplattering  and  thus  becoming  entrained.  The  concentration  from  the  Bieam  inside  of  the 
tubes  flows  either  into  the  iliom  end,  or  into  the  fioalinf  head,  depending  upon  the  Inclination 
given  to  the  tubes  by  the  motions  of  the  ship.  What  flows  into  the  floating  head  finds  Its 
way  through  the  inclined  pipe  at  the  bottom  into  the  eteam  end.  From  the  steam  end  the 
condensatiou  eKBpel  through  the  sl«am  trap  to  the  steam  end  of  the  neit  coolest  effect 
or  to  the  surface  condenser,  with  the  eiception  that  the  onefrom  the  first .  which  is  ahvays  the 
hottest  effect,  is  Uken  away  by  Itself  for  boiler  feed ,  as  it  la  more  or  less  fouled  by  oil  or  odors 
contained  in  the  steam  used  for  evaporating.  The  circulation  of  the  sea  water  over  the 
tubes  is  a  deluging  shower,  maintained  by  the  centrifugal  pump.     The  circulation  la  inde- 

must  force  their  escape.      The  small  quantity  of  sea  water  in  the  body  is  indicated.      It 

b|l  raMTtal,  The  change  in  temperature  produced  by  this  teverml  is  responsible  for  pre- 
venting the  formation  of  scale  in  the  effect  by  cracldng  off  whatever  acale  may  have  been 
formed.     If  reversals  be  made  systematically  and  with  the  frequency  which  experience  with 

without  noticeably  reducing  its  capacity,  'it  is  customary  to  reverse  at  Intervals  of  about 
four  hours  when  distilling  sea  water.     The  revcriing  operation  is  practically  automatic. 
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CHAPTER  87 


COOLING  PONDS  AND  COOLING  TOWERS 


Where  cooling  water  is  scarce  or  expensive,  or  where  it  is 
rendered  unfit  for  use  in  condensers  by  pollution  from  waste 
products  of  manufacturers,  cooling  ponds  or  cooling  towers  are 
used  to  cool  the  water  so  that  it  may  be  used  over  and  over 
again,  the  small  loss  by  evaporation  being  made  up  from  an 
outside  source. 

The  following  examples  will  give  an  idea  of  the  very  large 
amount  of  water  required  where  no  means  is  provided  to  cool  it 
so  that  it  can  be  used  again. 

Example, — ^A  100  horse  power  engine  runs  on  30  lbs.  of  feed  water 
pNer  hour  per  horse  power.  If  the  cooling  water  for  the  condenser  be  27 
times  the  feed  water  how  many  gallons  of  cooling  water  are  required  per 
10  hour  day. 

total  feed  water       =30X100X10=30,000  lbs.  per  day. 

total  cooling  water =^^'^^^  =90,756  gallons. 

which  at  the  usual  city  rates  for  water  would  be  pri^ibitive^  or  at  least 
the  expense  would  largely  ofiEset  the  saving  by  condensing. 


1.  COOLING 


PONDS 


In  sparsely  settled  districts  where  land  is  cheap,  cooling  ponds  J 
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are  used  instead  of  cooling  towers,  because  the  considerable  area 
required  for  the  pond  costs  little,  whereas  the  tower  is  relatively 
expensive,  both  in  cost,  operation  and  maintenance.  Cooling 
ponds  may  be  classed 

1.  With  respect  to  \fy^^ cooling  method  used^  £^s. . . 

a.  Natural. 

6.  Spray  {^5gJS/l^ 

2.  With  respect  to  circulation,  as 


HOT  WATER  OlSCMARGt 
n     y     q  n fl. 


TROUGH 


POWER  HOUSE 


Figs.  6,727  and  5,728. — Natural  flow  cooling  pond  suitable  for  long  and  narrow  lots. 

a.  Natural  flow.        ■  ,     ^ 

6,  Directed  flow. 

3.  With  respect  to  water  capacity, ^  as 

a.  Shallow. 
h.  Deep. 

4*  With  respect  to  provision  for  preventing  drift  loss,  as 
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a.  Open.  ' 

h»  Louvre  fence.  .; 

Natural  Ponds. — ^Where  considerable  pond  area  is  available 
nattiral  ponds  are  sometimes  used,  which  have  the  advantage  of 
requiring  no  spray  ptmip.  There  are  two  arrangements,  the 
natural  flow  pond,  shown  in  figs.  6,727  and  6,728,  and  the 
directed  flow,  figs.  6,729  and  6,730. 


POWER 
HOUSE. 


Figs.  5,729  and  5,730. — ^Directed  flow  cooling  pond.  The  hot  water  enters  the  middle  channel 
at  A,  and  on  reaohing  the  iar  end  divides  into  two  currents,  being  directed  by  the  baffle  walls 
so  as  to  traverse  the  pond  several  times  before  imiting  at  the  intake  point  B. 


Evidently  the  type  to  be  used  depends  upon  the  ground  avail- 
able. When  the  lot  is  long,  the  natural  flow  pond  avoids  the 
expense  of  baffle  walls,  as  required  in  fig.  6,729,  but  this  is 
partially  offset  by  the  cost  of  the  long  trough. 
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The  cooling  effect  obtained  with  natural  cooling  ponds  is,  as 
m^t  be  expected,  very  small,  except  in  winter.  Hence,  in 
des^,  great  care  should  be  taken  to  have  the  pond  large  enough 
for  severest  conditions.  Where  the  space  available  is  not  lai^e 
enough,  spraying  could  be  resorted  to  in  warm  weather.  The 
cooling  is  effected  in  three  ways: 

1.  By  radiatifm. 


ilructlon,  the  pipe  lino  <n 


2.  By  convection. 

3.  "By  evaporation. 

In  cold  weather  the  first  two  are  the  most  important,  but  in  warm  weather 
most  of  the  cooling  is  done  by  evaporation.  According  to  Pernald  and 
Oriok,  under  the  conditions  ju^vaihng  in  northeastern  United  States,  it 
has  been  found  that  a  natural  cooling  pond  surface  of  250  square  feet  is 
sufficient  to  cool  the  condensing  water  required  for  a  boiler  horse  power 
<34H  lbs.)  at  26  inch  vacuum. 
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The  evaporation  of  one  lb.   of   water  absorbs   about    1,000 
B.tM.    The  rapidity  of  evaporation  is  determined 

1.  By  the  temperature  of  the  water,  and 

2.  By  the  vapor  tension  in  the  air  in  immediate  contact  with 
the  water. 


FlO.  S,T32.— Spray  Eng.  Co.  spray  system  erected  over  s  natursl  pand  in  the  New  England 
7  Iba.preaaure  is  required  on  hot  Bummer  days. 


In  ordinafy  air,  the  vapor  present  is  generally  itia  condition  corresponding 
to  Buperheated  gteam,  that  is,  the  air  is  not  saturated.  If  saturated  air 
be  bit)ught  into  contact  with  colder  water,  the  coolinff  of  the  vapor  will 
cause  some  o£  it  to  be  precipitated  out  of  the  air.  Agam,  if  saturated  air 
be  brought  iato  contact  with  warmer  water,  some  of  the  latter  will  pass  into 
the  form  of  vapor. 

The  rise  in.  temperature  o£  the  air  from  contact  with  hot  water  will 
greatly  increase  the  water  carrying  capacity  of  the  air,  enabling  a  large 
"  ""      It  of  heat  to  be  absorbed  through  evaporation  of  the  water. 
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Spray  Ponds. — ^Where  the  space  available  is  inadequate,  fot 
a  natural  cooling  pond  the  spray  pond  is  used.  Here  the  hot 
water  from  the  condenser  is  sprayed  over  a  pond  {or,  where  space 
is  very  limited,  over  a  roof),  through  a  multiplicity  of  jets. 
As  it  passes  through  the  air  in  a  finely  divided  state,  its  surface 
area  is  greatly  increased,  thus  intensifying  the  cooling  by  evapora- 
tion; hdnce,  for  a  given  cooling  capacity  the  size  of  pond  is  much 
less  than  that  of  a  natural  pond. 


Co,  «>  calkd  double  did 
□ssfram  dilftio  an  instaf 

sfS 

of  sugar  mil!  in  Cuba.    The 
angEa  6t  two  different  eleva- 

,  It  13  notorious,  as  sugar 
wd  tQ  overflow  ham  tlie  c 
eipecially  in  eiposed  places 

shouWbe 
sides  by  st 

WhctB  economy  of  water  is 

The  sides  of  the  ponds  are  sometimes  extended  or  a  lower  fence 
provided  to  prevent  loss  o£  water  by  the  spray  being  carried  away 
by  the  air  currents.  The  usual  range  of  cooling  varies  from  20° 
to  40°  F.,  depending  on  conditions. 

About  4  sq.ft.  of  surface  are  required  for  a  boiler  horse  power  to 
condense  steam  at  28  ins.  vacuum. 

If  it  be  desired  to  cool  water  over  a  large  range,  it  can  be  easily 
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accomplished  by  spraying  more  water  than  passes  through  the 
condenser  or  heating  mediiim,  by  the  so  called  double  deck 
method  shown  in  fig.  6,733,  By  this  method  it  is  possible  to  cool 
water  within  a  few  degrees  of  the  wet  bulb  temperature  of  the 
suitounding  air.  The  accompanying  cut  shows  exam^es  of  spray 
ponds. 


ri&  fl.7M.— Seray  Eng.  Co. 
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According  to  the  Spray  Eneineerjn^  Co.  careful  tests  made  by  disinter- 
ested engineers,  extending  over  a  period  of  several  weeks,  show  that  the 
average  amount  of  heat  dissipated  from  the  surface  of  a  natural  cooling 
pond  with  directed  flow  is  3.5  B.t.v.  per  sq.  ft.  per  hour  per  one  depee 


L 
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difference,  and  that  the  average  beat  disspated  by  a  spray  cooling  pood  is 
127  BJ.u.  per  sq,  ft.  ^  hour  per  one  degree  difference  oc  a,ppKaama,U3y 
SStimesasmudi.  Thisshowsttiats  naiuriu  cooling  pond  cfqubleaftaldng 
care  of  a  100  h<»«e  povrer  plant,  can  be  increased  in  capacity  to  take  care 
of  a  3,600  horse  power  pl»it  by  the  addition  c^  a  spray  cot^ng  system. 

With  cooling  ponds  of  any  type  the  feed  water  for  the  boilers 
is  not  taken  from  the  pond,  but  from  the  discharge  pipe  line 
.  between  the  condenser  and  the  pond,  thus  saving  the  heat  in 


Fio.  6,73a.— Spray  Eng.  Co.  noflypt  spray 

pond.  insUUed  o 

n  ^^^  «i.ice^nt  inN^ 

teinn  cooled  for  u 

that  portion  of  the  condensing  water  deUvered  back  to  the  boilers. 
The  ratio  of  condensing  water  to  feed  water  should  be  large 
enough  to  keep  the  water  in  the  pond  in  equilibrium  for  any 
desired  vacuum,  for  if  this  ratio  be  such  that  the  heating  eSect 
of  the  condenser  is  greater  than  the  desired  cooling  effect  of  the 
pond,  then  the  temperature  of  the  pond  will  rise  to  a  higher  point 
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and  the  vacuiim  will  decrease  a  corresponding  amount,  thus 
impairing  the  economical  operation  of  the  engine  or  turbine. 

With  a  spray  cooling  system  when  there  is  no  breeze,  an 
effective  current  of  air  is  created  in  an  upward  direction  around 
each  nozzle,  due  to  the  movement  of  the  spray  as  well  as  to  the 


Flo.  5.730. — Spray  Bus-  Ca.  dap  niuy  pond  havioH  1,000.000  rallons  capacity.  lSfe«t  deep. 
The  fire  pumps  in  coiuiectioD  wilh  Cbia  mill  tsks  their  suction  Crom  tbis  leaervoir,  and  hence 
'* double  piupoai  in  cooling  the  condeDsing  water  and  afloTding  a  large  Ewplj'  for 


heating  effect  which  the  spray  has  on  the  air  which  comes  in 
contact  with  the  water,  thus  rapidly  carrying  away  the  warm, 
moist  air  produced,  and  replacing  it  with  cool,  dry  air  brought  in 
from  all  sides  over  the  surface  of  the  pond.  Spray  cooling  ponds 
are  more  efficient  in  extremely  hot  weather,  when  high  humidity 
prevails  than  in  cool  weather  with  low  humidity. 
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Earthen  ponds  usually  answer  every  requirement.  Where  provided  with 
a  grassed  bank  they  niake  a  neat,  water  tight,  economical  installation. 
Unless  ereater  depth  is  needed  for  storage  purposes,  the  water  is  rarely  laore 
than  3  leet  in  depth .  From  a.  cooling  standpoint  a  pond  6  inches  deep  wilt 
usually  give  as  good  results  as  one  10  feet  deep.  Ponds  are  made  deeper 
to  provide  stor^e  for  fire  protecticm  purpoees. 

Anil 


Pic.  B,737. — Badger  ipray  nozile  showing  removable  turbine  cenUr  for  imparting  the  rotary 
motion  to  thA  liquia- 

The  satisfactory  handling  of  the  above  features  of  the  design  and  the 
aUlity  to  use  to  the  best  advantage  existing  conditions,  such  as  old  ponds, 
canals,  rivers,  and  roofs  is  dependent  on  the  experience  and  foresight  of  the 
engineers  to  whom  the  work  is  intrusted.  Where  ground  space  is  restricted 
the  spiaya  can  be  double  decked  or  arranged  on  the  roof. 

Water  Loss. — There  is  a  general  impression  that  considerable 
water  is  lost  in  a  spray  system  from  evaporation  and  drift,  but 
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careful  tests  have  shown  that  the  combined  average  loss  from 
these  cattses  is  between  1  and  2  per  cent  of  the  amount  of  water 
sprayed,  the  spray  particles  being  sufficiently  heavy  to  settle 
within  the  pond  limits. 

Spray  Nozzles. — An  important  feature  of  a  spray  pond  is 
the  spray  nozzles.    The  object  of  these  nozzles  is  to  produce  a 


Plc.B.TSB. — Spny  Bns-  Co.  center  jet  k 

pj«M  through  tbo  outer  turbiiinted  pat- ,..  _  . 

The  noD-rotary  straight  central  jet  etrikea  this  rotating  m 
the  orifice  in  the  space  called  the  mixing  chamber.  ivBultL 
rotuy  and  nan-rotary  jets  and  compelluie  issuance  of  tb 


fine,  uniform  spray  at  low  operating  pressure  without  clogging. 
They  are  provided  with  removable  turbine  centers  having  large 


In  one  design,  as  shown  in  fig.  5,737,  the  turbine  center  is  of  such  shape 
as  to  inqtart  a  rapid  rotating  motion  to  the  liquid  passing  through  it, 
producing  a  strong  centritugd  action  and  caiasii^  the  liquid  to  break  up 
into  a  fine  Spray  as  it  leaves  the  nozzle.    In  this  nozzle  at  S  lbs.  pressure        ^ 
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the  Spray  issues  forth  in  the  form  of  an  inverted  cone  composed  of  fine 
partides  that  will  settle  within  the  spray  pond  limit.  At  7  lbs.  pressure 
the  liquid  is  broken  up  into  a  mist  producing  maximtun  cooling  effect  at 
low  pressure. 

Another  type  of  spray  nozzle,  as  shown  in  fig.  5,738,  the  turbine  center 
has  a  central  driving  jet  which  impinges  on  the  rotating  water  at  the  ori- 
fice, causing  it  to  be  ejected  as  a  fine,  dense  uniform  spray. 


2.  COOLING 
TOWERS 

Where  grotind  is  extremely  valuable,  as  in  large  cities,  or  is 
not  available,  necessitating  the  placing  of  the  cooling  apparatus 
on  the  roof,  cooling  towers  are  used  because  they  occupy  the 
least  amount  of  space  for  a  given  cooling  capacity. 

A  cooling  tower  may  be  defined  as  an  apparatus  designed  to 
remove  from  condensing  water  as  much  heat  as  can  possibly  be 
abstracted  per  unit  of  space  occupied  by  the  apparatus.  Evidently, 
then,  the  methods  employed  to  accomplish  this  are  not  the  most 
economical,  and  hence  the  cooling  tower  must  be  regarded  as  an 
evil  necessary  to  meet  the  exigencies  of  the  case. 

Essentially,  it  consists  of  a  tower  or  stack,  from  the  top  of  which  the 
heated  circulating  water  is  sprayed  over  a  cellular  construction  of  brush- 
wood, earthenware  pipes,  wire  mats,  diaphragms  or  other  baffles,  designed 
to  expose  the  water  to  the  cooling  influences  of  the  atmosphere  while  in  a 
film  or  fine  rain,  the  process  being  assisted  by  the  evaporation  of  part  of 
its  bulk.  Counter  air  currents  are  maintained  by  side  ventilation,  natural 
draught  (using  the  tower  as  a  chimney),  or  by  a  fan  blast.  The  cooled 
water  collects  in  a  tank  or  sump  within  the  foundations,  and  its  decrease 
by  evaporation  is  made  up  from  the  public  water  mains  or  a  well. 

Cooling  towers  may  be  classed 

1 .  With  respect  to  the  nature  of  the  water  baffles,  as 
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a.  BTiUhwood. 

b.  Earthenware. 

c.  Wire  mat. 

d.  Wood  checlcer  woric,  etc. 


2.  With  respect  to  ventilation,  as 
TRANSVERSt  FEEDER 


a.  Natural  (Jraught  {or 

b.  Induced  draught  (cc 

c.  Forced  drau^t  (£an). 

d.  Combined  forced  and  induced  draught. 

Figs.  5,739  and  5,740  show  an  open  natural  drai^ht  tower  of  ordinary 
construction.  In  exposed  windy  places  where  the  water  is  liable  to  be  blown 
out  through  the  sides  of  the  tower,  louvred  sides  are  provided  as  shown  in 
fig.  6,741 ,  The  natural  draught  tower  must  o(  necessity  be  of  larger  dimen- 
dons  than  the  forced  drau^t  type,  but  the  expense  of  fan  operation  is 
avoided.  . 
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An  induced  draugbt  of  chimney  tower  is  shown  in  fig.  6,742,  iUustratinK 
the  flue  or  chimney  above  the  cooling  Stacks,  which  induces  a  draught. 
The  dosed  flue  or  chimney  is  of  considerable  height,  erected  above  the 
portion  of  the  tower  containinz  the  cooling  surface  and  the  water  distribu- 
tion system,  the  openings  at  the  bottom  of  the  tower  permit  the  entry  of 
the  air  currents  and  the  air  flow  is  produced  by  the  difference  in  temperature 
ezistii^  between  the  top  and  bottom  of  the  Stxucture. 

It  is  occasionally  advantageous  to  utilize  a  combination  tower  consisting 


to, — Open  natural  draught  brushwood  CDolinff  tower  UB«d  to  mcnaK  the  cooHnff 
'      ■        '■  .  - .  .-        .  ^  sprinkler  system.    Such  ajplicatioo  of  the 


L 


eooliua  tower  doea  not  represent  good  engineering,  as  the  same  i 
by  a  BDiiDkler  system  at  lesa  fiist  coat  and  maintenuicc  eipeiisi 

Oi  an  enclosed  structure  with  a  chimney  or  Sue  mounted  over  soma,  and 
having  a  fan  as  shown  in  fig.  5,744.  A  tower  of  this  kind  is  larger  and 
more  expensive  than  the  regular  forced  draught  type,  but  has  the  advan- 
tage, that  on  light  loads  or  under  very  favorable  atmospheric  conditions 
the  fan  can  be  ^ut  down  and  large  doors  in  the  base  of  the  tower  may  be 
opened,  when  a  veiy  fair  degree  of  coaling  is  obtained  on  the  induced 
drai^ht  principle.    Generally  speaking,  however,  the  increased  first  cost 
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a  cooling  capacity  witbia  a  given  Epace  a  forced 

draught  toner  is  used,  an  example  of  which  is  shown  in  £g.  5,748.  The 
sides  of  the  tower  are  closed  and  the  air  is  dehvered  to  the  interior  of  and 
forced  through  the  tower  by  fans  which  are  usually  located  on  opposite 
udes  as  sho\Tii. 


Pic.  S,T41.— WhielerlouTTe  wall  natural  draught  cooling  towEr  showing  airangemeot  of  water 
difltnbutioQ  syMem  aod  cooling  surface.  The  water  is  dehvered  into  one  or  more  longitudinal 
feeders  at  the  lop.  eitinding  its  entire  lergth  and  connscting  with  a  distributioa  (ystem 
comiating  of  a  multiphcity  of  distributors.  The  latter  are  V-dupedand  tbe  water  flows  from 
them  over  niuaeious  small  triangular  veins  to  special  diMtkbiitlDg  pieces  attached  to  each 
under  tide  of  each  distributing  tiou^h.  the  entire  system  being  constructed  of  cypress  oT' 
ample  crosatectioii.  The  dintnbutian  system,  being  open  at  the  \<m  may  readilr  be  cleaned 
while  Uw  tower  is  in  operation.  From  the  distributois  the  water  fijla  over  rows  of  wood  of 
cypreia  wood  atripa,  Ud  with  alternate  rows  staggered  so  that  no  watpr  can  drop  more  than 
a  few  inches  without  being  broken,  affording  aa  efficient  spraying  eSect.  The  louvre  side 
walls  permit  Cree  passage  of  the  air  in  a  lit^t  breese.  yet  arrestaiie  the  spray  iu  a  strong 
wind  and  thensbr  saving  water  and  inconveiuen«  to  adjacent  pmpeny.  where  towera  are 
located  cloaa  to  reudence*.  the  louvres  are  spaced  more  clasely  on  the  side  nearest  the  sdia- 
ceDt  buildings,  thereby  rendering  the  sprayiiig  negligible.  The  main  framewtrrli  is  of  yellow 
jrine  wateriwoofed  by  impregnating  earboUneum  compound  at  high  te 
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.   suppcatii^  frame  work.   The  inner  surfaces  of  the  houaiiig  in  a  veil  deagned 
tower  should  be  made  accessiUs  by  removable  Btrips  inside  of  the  tower, 
these  being  laid  loosely  on  the  horizontal  racks  so  that  a  paints  can  start 
at  the  top  of  the  tower  and  work  downward,  by  simply  removing  and 
replacing  the  wood  strjm,  checkerwork,  or  trays,  using  them  as  a  platform 
on  which  to  stand.    The  importance  of  this  feature,  facilitating  proper 
maintenance  at  small  ex- 
pense, will  be  appreciated 
when  it  is  considered 
that  with  some  types  it  is 
practically   imposkbk   to 
paint   the  inner  surfaces 
after  the  tower  is  once  put 
in  operation. 

Cooling  Effect.— The 

cooling  effect  is  due  to 
three  causes: 

1.  Radiation  from  the 
sides  of  the  tower, 

2.  Contact   of    the 
water  with   the    cooler 


3.  Evaporation  oj  the 

water. 

The  first  cause  is 
practically  negligible, 
the  second  may  vary 
from  l/s  to  V»  of  the 
entire  effect,  and  the 
third  is  the  chief  effect 
^  which  may  be  easily 
calculated. 

Examplo—A  certain 
condenser  requires  100 
lbs.  of  water  per  minute. 
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The  total  heat  to  be  abstracted  from  the  water  per  minute  is 
lOOX  (110—70)  =-4.000  B.I.U. 

Now,  if  say  20%  of  the  cooling  efiect  be  due  to  radiatioa  and 
convection  or  contact  of  the  water  with  the  cooler  air,  then  heat  to  bo 
removed  by  evaporation  is 

4,OOOX(100%— 20%)-3,200B.(.a. 


Fig.  S,T43  and  E,T44. — Types  of  wood  checker  work  used  in  coolins  toweis. 

At  110°  the  latent  heat  of  evaporation  is  l,030£.f.u.,  hence 
evaporation  — 3,200  +  1,030  =  3.1  lbs.  per  minute  • 

Each  pound  of  free  air  absorbs  2.375  B.t.u.  while  its  teanpera- 
ttire  is  raised  10  degrees.  Thus  the  temperature  difference 
between  the  water  and  the  entering  air  limits  the  heat  transfer 
by  convection.    For  every  1,000B.(.m.  of  heat  transferred  in  this 

'NOTE. — Eearine  in  mind  that  the  latent  heat  absorbed  by  the  cooling  water,  while 
condsneing  one  ixmnd  of  Htesin  In  the  condenser,  must  equal  the  latent  heat  extracted  in  the 
tower  when  evaporating  one  pound  of  water,  the  quantity  of  water  evaporated  will  equal  tde 
quantity  condensed,  [eta  the  percentage  of  heat  removed  by  connctioD  and  direct  radiation. 
In  other  wotda,  the  cooling  tower  has  to  evaporate  a  quantity  of  water  equaling  75  to  85  per 

cent,  of  the  weight  r'  -" ' "' —  '~  "—  ' — '  — '— ' '■ —  '*■ "■  '*—  •— ^' 

en^ioe.    Thiiloaim 
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manner,  422  pounds,  or  about  5,600  cubic  feet,  of  air  must  be 
brought  in  contact  with  the  water  and  warmed  10  degrees,  or 
2,800  cubic  feet  20  degrees,  etc.  The  same  volume  of  air  wiH 
absorb  an  additional  and  much  larger  quantity  of  beat  through 
evaporation.  Eachpoundof  air  entering  the  cooling  tower  3172' 


Pic.  6, 7*S.— Wheeler  combined  fcieed  and  induced  draught  cooling  tower. 

with  70%  saturation,  and  leaving  saturated  at  102°  will 
absorb  only  7.2B.t.u.  by  its  rise  in  temperature,  but  2&.7  B.t.tt, 
by  the  water  it  evaporates. 
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As  the  cooling  capadty  of  the  air  is  limited,  it  is  clear  that  an 
economical  installation  must  provide  means  by  which  a  large 
quantity  of  air  can  be  brought  in  contact  with  the  water  spray 


Fi<J^  6,740. -"Wheeler  forced  dnught  cooliiw  tower  sbowiag  faa«  and  waCer  distnbutdn^  Byetem- 
Tht  rxttrior  conttructtonr  conajatiiig  of  the  supportiiig  frameworic  and  the  hovsinff.  lau/ 
be  of  either  mod  or  metal,  the  wood  cooitncticm  being,  of  coane,  the  leait  expensive.  In 
tha  can  ot  the  wood  conitiuetloa  the  fmne  wmk  ii  Bmilar  to  that  tiaed  in  the  natural 
dnw^  tower,  while  the  botuinB  anuuta  of  propetlr  mutched  wood  wateiproofed  by  a. 
cailminemn  pteeervatiTB  compound  tnatment.  In  the  case  of  the  metal  construction,  the 
bouBngcomSta  of  metal  aheets  protected  by  aeveral  coata  of  aibeitos  and  asphaltum  applied 
b/  a  apadal  procen,  and  the  frame  work  is  of  heavy  structural  steel  to  which  the  housiiiff  is 
boltea  on  the  in^de,  thereby  protecting  the  frame  vork  from  eorrooon  by  the  water  in  the 
tower.    The  faiu  are  eodosed  m  hoods  pro jectiag  at  oppodte  ends  o£  the  tower. 
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and  qiiiddy  liemoved,  aft^  harix^  been  warmed  and  saturated, 
'  to  give  place  to  a  fcesh.  supply  of  aw. 

The  foregoing  discloses  the  relation  of  the  heat  to  be  extracted 
frc»n  the  water  and  the  amount  of  air  required  to  absorb  that 
heat,  both  directly  and  by  evaporation. 


_„  . .  .  9r  coDstnjctioD;  disttibttlion  dfch.    At  the  top  of  the  tower  i> 

, , in  the  center  of  the  tower,  and  running  nearly  the  full  limgth  of  tho 

tower  on  ita  longest  dimension.  At  right  angles  to  t^e  main  trough  and  extending  at  both 
udesof  tliettouBaftre  a  series  of  dietributeis  into  which  the  water  from  the  feeder  liischaTses. 
aa  shown.  The  feeder  coosistaof  a  steel  box  divided  into  two  patta  by  meana  of  a  longitndinal 
partition.    The  water  enters  at  either  end  through  a  tapped  flange.    One  of  these  endi  is  to 

ii  furnished  io  the  partition,  and  the  water  isaues  from  these  pipea.  which  are  adjustable,  so 
that  the  amount  can  be  regulated  to  distribut«  uniformly  throughout  the  [crigth  of  the 

water  ovErflowa  into  the  distributing  troughs,  llie  feeder  ia  nuide  of  heav^  steel  plate  And 
thoroughly  painted  at  the  shop  before  shipment,  A  sl^el  wal^-way  is  provided  running  the 
full  length  of  the  tower  along  aide  of  the  feeder,  giving  access  to  the  regulating  pipee  in  the 
feeder,  and  ta  all  portions  of  the  tower  at  the  top.  A  steel  ladder  is  provided  to  give  access 
to  the  walli-wBy  from  the  base  of  the  tower.  The  distributers  an  notched  on  the  (idea  the 
full  length,  at  intervals,  and  the  water  orerflowa  through  these  notches  to  the  trough  deck 
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Air  will  evaporate  water  until  saturated,  and  the  amount  of  moisttire 
absorbed  dep^ids  upon  its  initattl  humidity  and  temperature,  tc^ther 
vritb  that  of  the  ma^/ec.  A  cot^ii^  tower,  th^^ore,  should  be  proportioned 
for  average  summer  conditions  .c2  the  atmosphere,  as  in  the  winter  it  idll 
cool  the  water  conaderably  more  and  consequently  a  higher  vacuum  nUl 
be  produced  in  the  condei^. 


Pk.  S,74<. — fiurbom  codini  lowei  cooittuctiOD;  troMA  dKft.  The  trougli  dedi  system  u  mads 
up  of  vbiti  of  pnipsi  ■>»  and  pUced  fide  br  nds  mta  to  give  the  proper  ana  to  luit  tbe 
■wodtyof  Uu  tower.  Badi  unit  coniiMi  of  m  leiiM  ai  puwld  tnnighs  notched  on  the  tm 
mam,  'ThmfotxtSA  tiou^ ist  oa « noular  serin  of  panllel uiBlepiecea mimiiiE at ndit 
aii^M  and  bolted  loeether  with  M  in.  bolti  and  double  wsshen.  llie  angle  piecea  itiBao 
the  trouatn  lo  that  tW  will  maintain  their  tevet  mbxa  full  of  mter,  and  will  eln  bear  tha 
weight  (tf  a  man  without  deflection.  The  vaiioui  units  are  bolted  to  channel  tnn  beama  br 
meam  of  cast  irotx  clips  and  throng  bolti»  thus  requirins  fio  punching  of  the  steel  frama  - 
mtk.  The  tniich  deck  a^item  elected  level  will  causa  the  water  to  sedc  its  level  in  the 
trouihs  Rsardlaas  of  how  it  enters  the  tionghi  from  above,  and  the  water  bein(  level,  wilt 
nattoallr  leave  the  traoglia  thnni^  the  notches  thTOughout  its  entire  length  uniformlT. 
The  water  from  each  notch.wiU  struce  the  top  of  the  supportinc  angle  at  the  center  and  wiQ 
lend  to  flow  down  both  aides  of  the  angle  pieces  in  equal  proportion.  Hie  omngement  of 
troughs  and  angle  pieces  at  ri|^  asi^  will  prevent  water  pasaing  directly  through,  bot 
win  enaUa  a  fne  passage  of  air  op  and  arotmd  oil  parts  of  the  anglea  and  the  tnnghs. 
thus  e^iosingtluwatcrto  the  air  nnder&TDiBbla  conditions.  Thetrouc^deitoarearraiued 
in  series  one  directly  below  tbe  other.  Tha  trou^a  in  one  deck  are  arnnged  to  mn  at  r&ht 
anglea  to  those  in  the  deck  above  and  below.  This  method  win  rectify  the  distribution  of 
the  water  from  deck  to  deck,  as  the  tendency  of  tbe  wind  is  to  blow  the  water  to  the  leeward^ 
side  of  the  tower.  Wthout  such  Tccti£catbn,  the  watfrconcentistes  at  the  leeward  side  of 
the  tower  and.  at  the  bottom  of  the  tower,  will  splash  in  eoniidorable  vohime.  ThiswiH 
result  in  poor  coolinp  effect  and  considerable  loss  of  water  by  splashing  out  of  the  tower. 
With  tbe  trough  deck  cystem  the  disCribuIion  is  equalized  at  eadi  deck  so  that  no  matter  in 
which  direction  the  wind  may  blow,  the  water  is  always  brulcen  up  into  fine  particles,  a    ' 

enpoies  the  maiimum  water  surface  to  the  sunoundiag  air.    ""' -__..<—. 

maker  to  guarantee  etSdeincy  n  cooling  the  water  and  also  in 


COOLING  PONDS  AND  COOLING  TOWERS 


Evaporation  and  convection  tale  place  on  the  surface  of  the  water  only; 
it  is,  therefore,  essential  to  break  up  the  water  as  thoroughly  as  pos»ble 
durine  its  travel  from  the  top  of  the  tower  to  the  tank  beneatti.  This  process 
must  be  repeated  as  often  as  possible,  so  that  no  individual  drops  or  streams 
will  remain  long  undisturbed,  as  this  would  permit  their  surfaces  to  cool 
without  refrigerating  the  inner  portions.  This  is  accompUshed  by  allowing 
the  water  to  drip  over  a  series  of  obstacles,  rapidly  breaking  up  and  reform- 
ing ttie  drops,  so  that  the  entire  water  supply  to  the  tower  is  converted 
into  slowly  falling  spray. 

Location  of  Cooling  Towers. — ^These  may  be  located  either 
at  the  grotmd  level  or  on  a  roof  or  other  elevated  structure. 


Pigs.  fi. 749  and  6,760, — Biuhom  cooling  tower  coiutiuclion;  louwt  system. 

depending  upon  the  space  available  and  other  local  conditions^ 
Among  the  advantages  of  the  ground  level  installation  are: 

1.  Simplicity  of  fotmdation  and  reservoir  construction. 

2.  Shorter  pipe  lines,  resulting  in  lower  first  and  operating 
costs,  and 

3.  Localization  of  possible  spray  during  high  winds. 

With  reference  to  cooling  towers  of  the  natural  draught  design, 
an  elevated  location  is  sometimes  to  be  preferred  because  of 
1.  Unimpeded  circulation  of  the  air  currents. 
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2.  Utilization  of  otherwise  unoccupied  space. 
The  question  of  the  ptimping  cost  in  the  case  of  elevated 
towers  must  be  given  consideration.     With  a  surface  condenser 


er  mmbined  forced  and  induced  dmught  towrr  u  eitcled  tor  Richmond  Cold 
■-"■ ■*   "-.    Capacity,  eOO  gallons  per  minute. 


condenaen  is  pumped  to  the  top  of  a  towwTwhjBi  is  usually  fiUed  with  wooden  or  tile  checker 
work  or  galvanized  steel  wire  taeaa.  The  water  in  its  punage  down  through  the  checker 
work  pmenta  a  large  evaporating  surface  to  the  air  flowing  iipwanl  tlmugh  the  tower,  the 
cooLme  of  the  water  being  effected  prindpallT  by  the  evaporation  oE  a  Email  portion  of  it. 
In  thmt.  the  action  is  simUar  to  that  of  a  humidifier.  The  air  will  leave  the  top  of  the  tower 
SO  to  100%  saturated  and  fi  to  15  degrees  lower  than  the  teniperature  of  the  entning  vater, 
avcnga  fignna  being  05%  saturation  and  10  degrws  lower  temperature.  The  limit  of 
oootbtg  «f«ef  is  reached  when  the  water  has  been  reduced  in  temperature  to  the  wet  bulb 
toilpenture  of  the  entering  air  at  which  point  evaporation  ceases.  This  is  the  temperature  of 
adiabatic  aatunillon  for  the  given  eordilion.  Commercial  installations  varv  considmhlvin 
the  degree  to  which  they  appmach  this  limit.  Published  tesU  inXatp  t4Tth?1!^l  imp 
in  temperature  ot  «»  water  pusing  through  the  tower  will  be  approximatelv  30  to  S0%  A 
the  maiimum  possible  drop. — Hardtui  and  Willard.  «■>/  »u  lu  uu  ,o  oi 
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■J         I  III!      IIM  I    I    IW^^I— ^  -  fcU— — ^MfcM.^^—  ■       I 

the  ascending  and  descending  water  coltmins  balance  each 
'Other  as  far  as  the  reservoir  tinder  the  tower,  and  the  addi- 
tional pumping  cost  is  only  that  occasioned  by  the  friction  in 
the  increased- length  of  pipe  lines,  which,  with  pipe  lines  of 
ample  size,  is  a  relatively  small  item.  With  the  jet  type  of 
condenser,  however,  an  elevated  location  of  the  tower  is  unde- 
:sirable,  for  obvious  reasons. 
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CHAPTER  88 


ELEVATORS 


During  the  last  fifty  years  the  elevator  has  developed  from  a 
rather  crude  affair  to  a  highly  efiici^t  machine.  This  develop- 
•m^t  has  been  due  to  the  gradually  incred^sing  height  of  buildings 
and  the  demand  for  high  speed  service.  Starting  with  the  primi- 
tive hand  elevator,  which  was  confined  to  the  handling  of  freight, 
one  feature  after  another,  was  added  'as  the  necessities  of  the 
service  demanded. 

The  great  variety  of  service  conditions  has  resulted  in  a  multi- 
plicity of  elevator  types,  and  these  may. be  classified, 

1.  With  respect  to  the  motive  power,  as 

a.  Steam. 

b.  Hydraulic. 

c.  Hydro-pneumatic. 

d.  Electric.  . 

2.  With  respect  to  the  application  of  the  power  at  the  car,  as 

a.  Plunger. 

b.  Drawn    {tSSon 

3.  With  respect  to  the  location  of  the  power  unit,  as 

a.  Over  mounted  (overhead), 
i.  Under  mounted  (basement). 

4.  With  respect  to  the  drive,  as 
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b.  Traction, 
d.  Bdt.  ' 


5.  With  respect  to  the  velocity  ratio  between  motor  and  car,  as 


a.  Direct  drive. 
6.  2 : 1  reduction. 
£.  Multi-reductioi 


1  cyliadu  EMcillating  tt 


6.  With  respect  to  balancing  the  load,  as 


7,  With  respect  to  control  (electric  elevators),  as 
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a.  Non-reversible.  /.  Full  magnet. 

b.  Rever^ble.  g.  Push  button. 
(.  Mechanical.  5.  One  speed. 
d.  Semi-mechAnical.  *■  Two  speed. 


Fig.  5,7G3. — Reedy  vertical  two  cytinder  osdUating  atcam  ti 

8.  With  respect  to  service,  as 

a.  Passenger. 

b.  Freight. 
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Steam  ElevBtOM.^According  to  Jallings,  the  first  direct 
application  of  steam  to  the  operation  of  elevators  which 
occurred  in  the  sixties,  seems  to  have  been,  as  far  as  economy  of 
power  was  concerned,  as  successful  as  any  subsequent  effort. 
Later  more  compact  machines  were  devised,  but  most  of  them 
were  very  inefficient. 

IUW5 


Pig.  5.TM. — Drum  drive  or  method  of 
means  of  winding  Che  cable  on  a  drun 
iiftfl.  owing  to  the  large  sw  of '' 

Drum  Elevators. — The  term  "drum"  applies  to  all  elevators 

in  which  the  cables  leading  from  the  car  are  both  fastened  to 

NOTE. — Dp  to  the  year  186fl,  the  only  elevators  propelled  by  power  were  the  wonn  gear 
or  BOUT  gear  types.  Id  that  year  the  first  passenger  elevator  was  instaQed  in  the  Astor  Houa* 
in  New  York  City.  It  was  one  of  the  two-belted,  worm  seal  type,  and  its  speed  was  only  GO 
feet  per  minuU. 
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.  and  wound  upon  a  drum.  The 
essential  features  consist  of  a  drum 
operated  through  gearing,  and  to 
which  is  attached  the  cables  which 
suppcfft  the  car,  as  shown  in  fig. 
6,754. 

Power,  when  applied  to  the 
driving  gear,  turning  it  in  one 
direction ,  winds  the  cables  upon  the 
drum  and  causes  the  car  to  ascend, 
and  when  the  power  is  reversed, 
the  drum  turns  in  the  opposite 
direction,  paying  out  the  cables, 
and  causing  the  car  to  descend. 

The  weight  of  the  car  is  balanced 
by  a  counterweight,  thus  reducing 
the  energy  to  be  expended  in  oper- 
ating the  car.  Automatic  devices, 
to  be  described  later,  are  used  to 
insure  the  proper  and  safe  control 
of  the  movements  of  the  car. 


Pig.  G.TSS.—Vanal  method  of  pi 


ia  theiefon  irouod  iota  the  gioovei  on  the  drum  le£C  free  bj  the 

1  other  Kt.      Tha  dounterbaUnce  ia  general!/  giveii  a  weight  equal  to  the 

muM  of  tha  cat  and  its  fiitures  plus  the  weight  of  the  average  live  load.  When  the  avera™ 
load  ia  beiiv  Gsiried  by  the  car,  the  elevator  ia  balanced,  and  th«  motor  need  then  fumiui 
C^  (ufficiBnt  Povvt  to  start  the  car  and  keep  it  moving  agaiiiBt  fiictional  lesistancel. 

fal  raiAlg  the  car  and  leiapowerinluwenngit.  Thus,  with  a  load  in  the  car  equal  in  weight 
to  the  maximum  load,  the  power  supplied  br  the  motor  on  the  up  trip  must  be  sufficient  to 

average  load.  On  the  down  tnp.  however,  the  maJiinium  load  may  be  su^cieot  to  lower 
the  car  without  Te<iuiring  an/  power  from  the  motor.  On  the  other  hand,  if  the  car  be 
empty  on  the  down  tnp,  the  motor  must  prtr/idn  aufficient  power  to  raise  the  veight  ot  the 
counterbalanco  which,  as  previously  itated.  la  penerally  equal  to  the  weight  rf  the  car 
atKi  ita  fiiturei  plu^  the  weight  of  the  average  live  load.  in  ordinary  paiseiigfT  virrice, 
the  average  load  earned  by  an  elevator  is  uauaQy  leas  than  one-half  the  msxinnim  load  for 
which  (he  car  la  deogned.  very  olten  not  n»re  than  ooe^third  the  maiiinttm  load. 
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'    Ques.    How    is   the   counterbalance   usually   propor- 
tioned for  drum  elevators  ? 

Ans.  It  is  made  heavy  enough  to  balance  the  car  with  its 
average  load. 

Oues.    Why? 

Ans.    To  avoid  gravity  work  as  much  as  possible. 

r 

Thus  with  average  load,  very  little  power  is  required — ^just  enough  to 
overcome  the  friction  of  the  system.  It  should  be  noted  that  with  this 
arrangement,  the  counterweight  is  heavier  than  the  car,  and  while  power 
will  be  required  to  produce  a  downward  movement  of  the  empty  car,  the 
work  done  in  raising  the  car  with  full  load  is  only  equal  to  the  weight  of 
half  the  load  (including  friction)  plus  the  distance  raised. 

Ques.  In  construction  what  advantages  result  from 
placing  the  drum  overhead  ? 

Ans.  It  gives  direct  transmission,  that  is,  no  pulleys  are 
reqtiired  between  drum  and  car,  also  the  drum  may  be  so  located 
that  one  face  of  the  drum  is  over  the  center  of  the  car,  and  the 
other  face  over  the  counter  balance,  thus  allowing  the  car  cables 
to  be  fastened  at  one  end  of  the  drum  and  the  counterbalance 
cables  at  the  other  end  of  the  drum  grooves,  the  car  cables 
occupying  the  entire  surface  of  the  drum  when  the  car  is  up,  and 
.the  counterbalance  cables  following  alongside  of  them,  occupying 
the  entire  drum  surface  when  the  car  is  down. 

The  arrangement  of  placing  the  machine  or  "engine"  as  it  is  called, 
that  is ,  the  power  unit  in  the  top  of  the  elveator  shaft ,  is  peculiarly  adapted 
to  the  electric  elevators,  when  the  power  is  easily  conveyed  by  electric 
conductors  to  the  motor.  The  drum  machine,  whether  over  or  under 
mounted  in  nearly  always  overbalanced  as  the  saving  in  gravity  work  com- 
pensates for  all  friction  and  any  extra  first  cost  that  might  be  received. 


I  -^ 


Ques.    State  an  objection  to  drum  elevators. 

Ans.     There  is  lack  of  absolute  means  of  stopping  the  drum 
when  the  car  or  counterbalance  gets  to  the  top  of  the  shaft. 
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Automatic  safety  devices  are  provided  to  shut  off  the  power  and  apply 
the  biake  when  the  car  is  near  its  limit  of  travel.  Tliese  devices  are 
adjustable,  can  be  removed,  and  may  get  out  of  order  when  neglected 
by  those  in  charge. 


Ques.  For  what  service  are  drum  elevators  not  suited « 
and  why? 

Ans.  For  very  high  lifts,  because  of  the  very  large  size  of 
drum  necessary  to  take  the  cables. 

Traction  Elevators. — This  type  of  elevator  derives  its  name 
from  the  fact  that  motion  is  obtained  by  means  of  the  traction; 
that  is  to  say,  the  friction  existing  between  the  driving  pulley 
and  the  hoisting  cables.  In  order  to  produce  the  necessary 
tension  for  this  result,  the  hoisting  cables,  from  one  end  of  which 
is  suspended  the  car,  and  at  the  other  end,  the  counterweight, 
pass  twice  partially  around  the  driving  drum  and  only  once 
around  the  idler,  although  frequently,  before  leading  into  the 
shaft,  they  are  deflected  by  the  idler  in  order  to  lead  them 
plumb  over  the  counterweight.  This  accounts  for  the  necessity 
of  having  the  same  number  of  groove  on  each  drum. 

It  should  be  noted  that  the  grooves  are  straight  for  traction 
elevators  and  spiral  for  drtun  elevators. 

The  term  "gearless"  is  sometimes  ill  advisedly  applied  to 
some  form  of  traction  elevator,  meaning  that  the  power  is 
transmitted  to  the  car  without  toothed  gears;  it  is  in  fact, 
transmitted  through  cables  and  pulleys  which  is  in  fact  a  form 
of  gear. 

There  are  two  forms  of  the  so  called  gearless  traction  elevators: 
the  1  to  1  or  direct  drive  type  shown  in  fig.  6,766  and  the  2  : 1 
reduction  type  shown  in  fig.  6,767.  A  third  form  of  traction 
elevator  known  as  a  multi-reduction  or  worm  drive  is  shown  in 
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Pig.  5,756. — Direct  (1:1)  tractioli  drive -dr 
method  of  transmitting  power  from  the 
fijower  unit  to  the  car  bjr  means  <^^f no- 
tional contact  of  the  cable  in  leasing  one 
or  more  times  axxHind  the  drive  pulMy. 
This  arrangement ,  since  it  does  not  emplo/ 
a  drum  where  size  has  to  be  considered, 
can  be  used  for  lifts  of  any  heights,  and 
is  the  prevailing  type  today. 


POWER 
SHAFT 


DRIVE 
PULLEY 


Pig.  5,757. — Geared,  or  2 : 1  fric- 
tion drive,  or  frictional  contact 
transmission  with  reduction 
gear  pulleys — a  type  used  lor 
moderate  speed  elevators. 


REDMCTtOM 
PULLEYS 


COUNTERWEIGHT 
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fig.  5,759,  the  essential  features  of  each 
being  mentioned  under  the  illustrations. 

By  cotnparmg  the  three  fipirea  it  ia  obvious 
that  the  direct  drive  machine  (fig.  5,756)  is 
Buitable  for  hi^h  speed  service;  that  the  2  : 1 
reduction  machine  (fig,  B  ,757)  is  an  adaptation 
(rf  the  direct  drive  troe  permitting  of  slower 
car  speeds;  the  multi-reduction  type  (fig. 
5,759) ,  pcnmttii^  the  use  of  smeJl  high  speed 

.-.— THogram  o£ 
aouMBdtiMJ 


1 


5,7fiT.  AUmched  to 
tbe  drivinffpulley  iB  a 
g»M  whicfi  meahes 
■iaitho  worm  uniier- 
neatb .  the  1at£«Tbeiii|E 
dinct  'comteoted  U 
tho  motor.  Clearly, 
the  woiTQ  eivn  al§TS« 


Thfl  fnAgnetk  bralB 
being  located  to  net 
on  a  bralto  pulley  at- 
tuhcd    to    th«  fut 

B  i  V  e  H  conadereble 
onikinB  power  H^t 
grip  cm  the  IniLlie 
pulley.  The  action 
of   the    HJngle  worm 

nqiiin  a  tbrat  beai- 


,       .weed  apart  by  right  and  left  band 

readi  tiuned  by  adnun.  TAle  mmtnod  giveg  a  varying  pnssuie  vhich  gradually  increaHa 
th*  drum  turns,  sad  couecnieatta'  pfodocea  an  incnuins  ntardation  at  the  mation  (^  tbe 
r.  TheB0veTitarA,ulxiHedtotMt>«amsKt(tofaead<4the(halt,Bndisi»niiectedb)'tha 
'"  '"  '''  tbadiuinD.ihowauitheiilanof thebottomolthecar-looldngupiranl. 
—  the  goremor  ifbeel  A.  and  aiound  tiie  iriMal  X;  lAich  latter  carrias 
;he  bottom  ottheihaft.    Owing  to  the  apiinc  clip  K,  on  tbecaf.  tUa 

itkroa  mowea  with  the  car.    If.bowever.  the  speed  of  the  carincnBap 

,  abovethepointatwhich  the  governorisaet.  thearmB.oEthegovemorflusout  BUdgrin 
tbsrqp*.  pteretitiog  its  farther  movwnant.  .As  the  «c  continuea  to  descend,  tbe-^ningi^ 
K.  is  forced  to  nlease  itafnMional  hoM  on  the  iop«  C,  which  latter  then  isDKa  the  drum  D, 
to  turn.  A  right  and  left  hand  RotDBide  of  tbe  drum  D,  is  thus  turned,  fonang  apart  the 
two  screw  ihatts  W\  theae  actntg  on  the  wed^s  HU.  and  steel  jaws  EEBE,  cause  the  latter 
tosTiptheguidanikNN.aadsraduallyatapthecat.  The  jaws  may  be  released  from  tlw 
raiu  by  turning  the  drum  D.  m  tbe  oppooto  directian  to  that  in  which  the  rope  rotated  it. 
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The  multi-reduction  type  of  which  fig.  5,805  shows  one  fonn  permits 
the  use  of  a  small  high  speed  motor  for  operating  a  slow  or  compara- 
tively slow  car.  Because  of  the  hi^jh  velocity  reduction  ratio  ot  the 
worm  gear,  it  is  self-locking,  that  is  to  say,  although  the  worm  and 
gear  unit  permits  motion  to  be  transmitted  from  the  worm  to  the  gear, 
no  load  that  could  be  put  on  the  car  would  be  heavy  enough  to  cause 
motion  to  be  transmitted  from  the  gear  to  the  worm,  thus  no  change 
of  loading  would  cause  the  car  to  descend,  and  consequent^  no  car 
locking  device  is  required. 

Ques.    State  some  advantages  of  traction  elevators. 

Ans.  The  trax^tion  elevator  may  be  used  for  lifts  of  any  height, 
because  it  does  not  employ  a  winding  drum  whose  size  has  to 
be  considered;  the  compact  and  simple  arrangement  of  parts 
permits  of  simplicity  of  installation  and  economy  of  space 
especially  when  over  motmted. 

Ques.  What  difficulty  is  sometimes  experienced  with 
traction  elevators  ? 

Ans.    Slippage. 

With  all  traction  elevators^  there  is  the  danger  of  slippage  of  the 
cables  on  the  driving  drum,  especially  if  the  cables  become  greasy. 
This  slippage  is  most  noticeable  when  the  operator  endeavors  to  stop 
in  descending  with  a  heavy  load,  with  the  result  that  on  high  speed  cars 
when  attempting  to  make  a  quick  stop,  the  car  sometimes  shdes  past 
the  landing  even  to  the  extent  of  one  or  more  stories. 

The  fact  that  the  traction  drive  is  not  a  positive  drive  is  a  safe- 
guard for  the  reason  that  cable  strains  can  never  increase  beyond  a 
certain  limit,  well  within  the  factor  of  safety  of  the  cables  and  fastenings. 
This  means  that  the  danger  of  the  car  or  weight  dropping,  as  a  result 
of  being  pulled  into  the  overhead  work,  and  thus  breaking  cables  or 
fastenings,  is  eliminated. 

The  Car.— There  are  two  general  classes  of  elevator  car: 
freight  and  passenger;  these  of  cotirse  vary  considerably  in 
design. 

Freight  elevator  cars  are  made  of  wood  or  iron,  with  iron  braces  and 
fixtures;  their  platforms  are  seldom  enclosed,  and  their  design  is  usually 
of  the  simplest  nature.  Cars  intended  for  passenger  service  are  encloaed 
by  a  cage  of  wood  or  iroor- preferably  of  ue  latter  material 
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In  general,  devAtor  can  ahould  be  oonstnicted  wholly  of  metal  for 
safety  in  case  of  fire.  Wrought  iron  grill  work  is  largely  emi^ved 
for  the  sides  and  top  of  passenger  cars,  aa  it  is  not  only  fiie  proof  out 


In  order  to  guide  the  car,  two  guide  rails  usually  and  preferably  d 
iron  are  mounted  vertically  in  the  elevator  shaft,  and  over  these  rails 
fit  guide  shoes  that  are  fastened  to  the  car.  These  guides  are  usually 
plaoed  on  opposite  ^des  of  the  car,  and  in  some  instances  at  the  diagon- 
ally opposite  comers.  In  the  former  case  the  installation  is  said  to  be 
ct  the  side  post  type,  and  in  the  latter  case,  of  the  comer  post  type. 


with  the  eieeption  of  the  Hool , 

BmkMt  i>  ciii[nu]«d  umnd  the  lower  part  Hid  open  metal  Brill  wink  «Tiiinl  (ha  oppar 
portion  givmg  »  well  ventilated  and  light  jet  itroag  car. 


The  Shaft. — The  enclosure  in  which  the  elevator  travels, 
called  the  shaft,  and  sometimes  ill  advisedly,  the  hatchway, 
should  be  eodosed  with  iron  lattice  work  cv  grill  work. 
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The  vaDs  sltould  not  be  soli(%  'becaiue  the  solid  endomm^  acts  as  a 
chinm^,  ia  case  of  fire  causing  the  fire  to  woric  upward  from  floor  to 
floor,  rendering  eicape  by  elevator  impossible.  A  better  H^ted  and 
ventilated  shaft  is  Also  obtained  with  openwork  constmctum  of  the 
shaft  and  of  the  doors  or  gates  opening  into  it.  .•■'  _ 

That  portion  of  the  shaft  enclosure  at  each  floor  should  be  carried 
the  full  height  of  the  opening  between  floor  and  ceiling  in  order  to  reduce 
the  possibility  of  Occident  When  g;rill  work  is  used  fot  this  portion 
of  the  enclosure,  there  should  not  "bfi  more  space  than  one  anil  one-haB 
indies  between  the  adjacent  {(arts  of  the  gnll  work  to  prevent  objecta 
bdng  thrust  through.  Throughout  the  interior  of  the  shaft  there  ffiouU 
be  no  projections.  ■  ■''■*■ 


H.—SemHucuUTmulCi-akift  open  ironwork.    WththliaTOiipiiigaf  tbaantosnca' 
.  ttw  doon  of  bU  tha  un  cui  tlien  n^ily  ba  Meo  br>  pemn  ntous  tbo  b 
hee»ntt»*r«fotBMcert»in«toooinriiich  cur  to  enter.    Thu  kmageiiKiit,  howw 
lid  not  be  eeined  beyond  the limiu of  ■  iHiii-oircla,  ■■  the.eare  located <iii'tb* 
'""  ■"  "■•''^  to  be  overlooked,  end  the  tffieieacy  ot  the  lyiMm  u  a  whole  tt 


aK 


In  buildings  where  more  than  one  elevator  is  installed;  it-is  advisable 
to  enclose  each  elevator  shaft  Beparatelv  and  have  the  stairways  cut 
off  from  the  elevator  hallways.  While  uiis  construction  is  not  usually 
'  followed,  the  reduction  in  the  fire  risk  that  iS  otherwise  present  and 
the  elimination  of  noises  caused  by^the. opening  and  closing  of  th<; 
elevator  doors,  commend  it  where, the. adtutional  expense  entailed  is 
not  prohibitive  ■ 
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HydrauUc  Elevators. — Water  as  a  medivun  for  transmitting 
energy  has  been  extensively  employed  to  operate  elevators,  and 
is  still  in  use  for  that  purpose  today.  There  are  two  general 
classes  of  hydraulic  elevators: 

1.  Plunger  or  direct  drive. 

2.  Piston  or  geared. 

Plunger    or  Direct .  Drire  Hydraulic   ElevatMs.— The 


Pic.  5,762. — Machine  limit  atop  or  safety  device  placed  on  the  muchine  to  nreveot  over  travel 
in  CBU  the  itops  on  the  shipper  rope  become  inactive  by  the  breaking  ofthe  rope.  /(  con- 
tttl*  of  a  threaded  eilension  A.  on  the  drum  shaft  upon  which  a  traveliDg  nut  E,  moves  in 
filed  ratioto  the  movement  of  the  car.  The  shipper  rope  pulley  N,  is  os  that  portion  oE 
the  drum  shaft  which  is  not  threaded,  and  cairiesa  bracket  R.thatEntends  over  the  threaded 

move  only  panilleL  with  the  shaft  when  tha'drura  rotates  unless  the  shipper  rope  sheave  N. 

......,«   alert         r^n   ^f^U  BiA^  nt   4-V.a  ..ill    ?.     *hi^m  fi.   r-^a^m   tl.a4-   ^^^fftn^   Tuirl.    dH..,HU'  nlamm  fxn 


.nutE.tht.__ 

the  inner  sidta  of  the  nuts  V.  and  S,  when  E.  and  V.  or  E.  a 
nuts  on  the  outer  sides  of  the  nuts  V,  and  S_.  aecurely  clamp  tl 
that  when  the  nut  E,  engages  either  with  V.  or  S.  it  will,  by 
the  shipper  rope  sheave  N,  thus  cutting  off  the  current  fioni 
brake.  If  the  nuts  V.  and  S.  be  located  on  the  threaded  portii 
is  made  between  thein  and  the  nut  E,  when  the  cat  reaches  its 
of  the  device  will  stop  the  car  automatically  at  both  these  poii 


plunger  elevator  is  supported  from  underneath  by  a  steel  plunger 
instead  of  being  hung  from  above  by  cables,  although  cables  are 
attached  to  the  top  of  the  car,  leading  over  pulleys  at  the  top 
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Pio.  S.TBS. — KidzwBy  iteun  hyili«ulic  power  for  oper»tin<t  elevatoti, 
i™«.    D 4. ;^-j  — t ij_^  cylinder  b7  iBMiii  of  the 


bouts.   Power  u  tranamittsd  to  the  workhuE  cylinder  ^ 

,_.., : — 1. >. ThejmBureiiobtainedfromrteamodimtteiJtouieTOi 
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of  the  shaft  to  counterweights.  The  elevator  is  started  by  the 
control  O^^er,  hand  rope  or  push  button),  operating  a  valve 
which  permits  water  under  pressure  to  enter  the  cylinder  in 
which  the  plunger  hangs,  thereby  forcing  up  the  elevator.  By 
reversing  the  control  in  the  car,  the  water  is  withdrawn  from 
the  cylinder,  returned  to  the  discharge  tank,  the  plunger  gradu- 
ally descends  in  the  cylinder  and  the  elevator  comes  down. 


Pigs.  5.TM  and  S.Tflfi. — Gumcy  centrifugal  t&fety 
Bul  opnstios  eonditioDK  fig.  S.TttS.  governiir  i' 
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Fig.  S.Tea.—Soedrufetv  clomp  for  ««elcai  guide.    It  is  operated  by  a 
troller  placed  over  the  hatchway  and  connected  by  an  iron  cable 
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NOTE,— Walmr  uruUr  hlghpr^nurr  (TOO  to  2,000  lbs.  per  wi.  in.  and  upiraidt  affonii 
■  »tiri»etoiy  method  of  trsnimitting  power  to  a  distance,  especially  for  the  movement  of 
heavy  louUat  Dnatl  velocitieB,  u  by  cisnei  and  elevaton.  The  Byitem  consist)  usually  of  one 
or  more  pompa  capable  of  developinjr  the  required  preeaure;  accumulatOTB,  which  are  vertical 
cylinden  witb  heavily  weighted  tuungera  passing  tlutnigh  atuffing  boua  io  the  upper  end .  1^ 
which  a  quantitir  of  water  may  be  accumulated  at  the  pname  to  which  the  plunger  la  weighted; 
the  distrfbutlnc  pipes,  and  the  presses,  cranes  or  other  machinery  to  be  operated. — Ktmt. 

NC>IT:. — Thfgnaa  amount  of  mifretot  water  under  pressure  etored  in  anacconula- 
tor,  measured  in  foot  pounds,  is  its  volume  in  pibic  teetXiti  preisurc  in  pounds  per  aauare 
foot.  The  hone  power  of  a  given  quantity  steadily  flowing  ia  H.P. -lM^/560-.2B18*Q. 
in  which  Q  is  the  quantity  Soning  in  cubic  feet  per  second  and  t  the  pressure  in  pounds  per 
•guareinel.  Tft*  IMB/Waffeel  of  a  direct  hydraulic  plunger  or  ram  is  usuaUy  taken  at  98%. 
The  followins  is  oiven  as  the  efficiency  of  a  ram  with  chain  and  pulley  mulliplTiiig  Bea^impedy 
proportioneJand  well  iubricated;  gear  2  to  I.  efficiency  .8;  4  to  1 — ,7fl;  Oto  I — .rt;  8  to  1 
— .97:I0tol— .fl3;12lol— .SB;  Htol— .(MjlBtol— .S.  With  Urge  sheans,  small  atMl 
inns,  and  wirs  rope  for  multijiIyinB  gear  theemciency.  has  been  found  aa  high  as  M%fnr  & 
multiplication  o<  ZO  to  1  .—Kent. 
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PLUNGER  ELEVATOR  CONSTRUCTION  AND 
OPERATION 

DrUUng.—A  hole  is  drilled  into 
the  ground  by  driving  domi  a  casing 
of  steel  pi{>e  and  removinethe  earth 
from  the  inside  of  it.  When  the 
ca^ng  has  reached  solid  rock  a  short 
inside  sleeve  is  inserted  to  form  a 
joint  betv/een  the  ca^g  and  the 
rock  and  to  prevent  the  entrance  of 
mud  and  silt  into  the  well  hole.  A 
rotary  Shot  drill  to  which  a  core 
barrd  is  attached  is  then  set  up 
inade  l^e  casing  and  the  dnlltng  of 
the  rock  is  begun  and  carried  down 
to  the  required  depth  by  bringing 
cores  of  rock  to  the  surface  as  they 
are  broken  off  in  the  hole  filling  the 
core  barrel. 

Cylinder. — ^This  is  made  of  steel 
tubine,  of  approximately  twenty- 
foot  lengths,  accurately  straight- 
ened, squared  and  threaded.  Butt 
joints  are  formed  at,  the  couplings 


;  aligiimt 
tact  lengt 


igth. 

The  bottom  of  the  cylinder  is 
fitted  with  a  heavy  steel  plug, 
welded  in  place.  The  entire  l«^th 
of  the  ■  cylinder  is  coated  with  a 
preservative  preparation. 

The  top  o£  the  cylinder  is  pro- 
vided with  a  cylinder  head  contain- 
ing the  stufBng  box  through  which 
the  plunger  passes.  Here,  also,  the 
connection  is  made  to  receive  and  ■ 
discharge  the  water  that  acts  upon  . 
the  plimger.  J 

Fig.  5.769. — Standard  plun^rer  elevator,  showing  upper  section  of  plunder,  car  ahoft  counter-  ' 
weight  and  control  devices.  Very  short  run  elevators  «ueh  as  the  nde  walk  type  have  no  I 
counterweight  and  consequeot  overhead  work. 


d,32b 


ELb^'ATORS 


Plunger. — The  plunger  oomisto 
o£  a  hollow  shaft,  elided  at  the- 
bottom,  its  entire  length,  like  that 
of  the  cylinder,  being  also  shghtly 
greater  than  the  travel  of  the  eleva- 
tor. It  is  made  of  steel  tubing  of 
convenient  lengths,  each  length 
being  carefully  straightened,  accur- 
ately turned  to  a  urufomi  size  and 
poHshed.  These  sections  are  joined 
together  internally  by  specially  con- 
structed threaded  nipples,  so  de- 
dgaed  that  the  strength  of  each  joint 
equals  that  of  any   part  of  the 


The  top  of  the  plunger  is  provided 
with  a  cast  steel  flang^  head ,  shrunk 
in  place  and  hot  riveted  to  the 
plunger,  the  head  securely  bolted  to 
the  steel  plate  formii^  the  lower 
part  of  the  car  platform. 

Two  plough  steel,  galvanized 
ropes  of  large  size  are  nut  through 
the  center  of  the  plunger  and 
securely  fastened  around  a  steel  pin 
at  the  bottom,  the  other  two  ends 
bdng  attached  to  the  car  plate  by 
heavy  steel  eye  bolts. 

Plunger  By  Pom. — The  lower 
end  of  the  plunger  is  a  grooved, 
tapered  casting,  fitted  wiUi  shoes, 
or  skates,  whidi  act  as  guides  for 
the  plunger  to  prevent  it  rubbing 
against  the  walls  of  the  cylinder. 

The  grooved  plunger  end  is  known 
as  the  plunger  by  ^i,  which  prevents 
upward  movement  of  the  car  beyond 
a  fixed  point  by  releasing  the  water 
from  the  top  of  the  cylinder  whit^ 
relieves  the  pressure. 


Pig,  S.7T0.— Sectioiul  view  of  SUndard  plunff 
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Pio.  8,771. — SWntterf  plungef  elcvafor  "tahr." 


PiR.  6.T72, — Stsadard  plunger  ale- 
iiBtor  three  way  b«liuiced  rRck 

trolled  ear.    The  pflat  und  auto- 

operallon,  the  vslve  u  moved 
dinctl/  by  me&nH  of  a  lund  rofka 
parsing  through  the  car.    Limit 

at  the  two  limit!.  When  the 
elevator  CDgKges  the  button,  the 

fliowly  dosea  the  Talve,  cauaiog 

»ccurat«]7  at  the  terminal  land' 
irg.  The  internal  plunger  ropM 
ai«  diq)eaied  with  ia  snort  run 

vided  with  a  wing  plug,  insUiad 
o(  the  mom  elaborate,  grooved 

tinned ,  but  the  action  ia  exactly 
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8.773.— ArrangeniBntofpBrtaiQBpIangerelrralorsyBteni.    ThtBarttan:  A  iiUni,- 
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Counter  Weight, — ^The  compensating  counterweight  ropes  are  attached 
to  the  car  cross  head,  passing  over  a  grooved  sheave  of  large  diameter  to 
the  counter  weight  frame. 

Operation. — ^The  car  is  raised  by  a  column  of  water  under  pressure  acting 
upon  the  plunger,  and  is  lo^«rered  by  gravity.  The  cylinder  head  and  valve 
are  connected  by  a  single  pipe  known  as  the  to  and  from  pipe,  through  which 
all  water  passes  to  and  from  the  cylinder,  ^  valve  controlling  the  direction 
and  flow.  When  water  is  forced  into  the  cylinder,  the  pressure  acts  upon 
the  lower  end  of  the  plimger  causing  it  to.  move  upward.  Ample  space 
between  the  cylinder  walls  and  the  plimger  allows  a  free  flow  of  water  in 
either  direction. 

If  the  flow  of  water  be  shut  off,  the  elevatof  stops,  the  plunger  resting 
upon  a  column  of  water. 

When  the  valve  is  opened  to  the  exhaust,  the  elevator  descends  by  gravity 
and  cannot  faU  or  attain  imdue  si)eed  inasmuch  as  the  water  can  escape 
from  the  cylinder  ovly  as  fast  as  itj  is  driven  through  a  comparatively  small 
port  opening. 

Compensating  JBopea.— ^The  ropes  connecting  the  car  and  the  coimter- 
weight  are  not  for  the  purpose  of  supporting  thfe  car  at  all,  but  are  part  of  a 
variable  cotmter- weight.  When  the  plimger  is  entirely  immersed,  it  has  a 
decided  buoyancy  which  decreases  as  the  plunger  rises. 

There  must  be  a  certain  definite  compensation  for  this  loss  of  buovancy 
caused  by  the  ascending  car,  and  these  rppes  with  the  counterweight  are 
so  arranged  that  as  the  buoyancy  decreases,  the  counter- weigjht  increases, 
thus  insuring  a  uniform  Ufting  capacity  throughdut  the  entire  run.  On 
the  downward  travel  the  compensation  takes  place  in  the  reverse  order. 

The  car  and  ther  plunger,  being  slightly  heavier  than  the  counter- weight, 
allow  the  elevator  to  descend  by  gravity.     This  difference  in  weight  is 


"Fig.  5,773. — Text  continued. 

G,  discharge  tank;  H,  pressure  tank;  K,  pump;  O,  supply  piping;  P,  "to  and  from"  piping; 
0,  exhaust  piping;  T,  back  pressure  loop;  U,  plunger  bottom.  In  operation,  the  pressure 
tank  is  filled  two- thirds  with  water,  and  air  of  the  desired* pressure  is  pumped  into  the  remain- 
ing third,  to  prepare  the  system  for  operation.  When  the  car  operator  throws  the  lever  so 
that  the  elevator  may  ascend,  the  supply  ports  of  the  main  valve  are  opened  and  the  com- 
pressed air  forces  the  water  out  of  the  pressure  tank,  through  tlie  supply  piping,  the  valves  and 
mto  the  elevator  cylinder.  The  volume  of  air  in  the  pressure  tank  thus  expands  and  its  pres- 
sure is  reduced.  A  pipe  leading  from  the  pressure  tank  to  a  regulator  on  the  steam  supply 
of  the  pump  automatically  starts  the  pump  when  this  pressure  begins  to  drop.  The  pump 
thereupon  takes  water  from  the  discharge  tank  and  delivers  it  into  the  pressure  tank  from 
which  it  may  continue  to  flow  into  the  elevator  cylinder  until  the  car  operator  shuts  it  off 
with  his  lever  or  the  automatic  stop  valve  does  it  for  him  at  the.  terminal  landing.  When 
the  operating  valve  is  closed^  stopping  the  flow. of  water  from  the  pressure  tank,  the  pump 
delivers  water  until  the  tank  is  a^ain  two-thirds  full ,  when  the  automatic  regulator  stops  the 
pump's  operation ..  When  the  main  operating  valye  is  opened  to  allow  the  elevator  to  descend , 
the  water  from  the  cylinder!^  returned  through  the  exhaust  side  of  the  valve  to  the  discharge 
tank,  and  the  pump  rem«dns  inoperative.  .  The  pump  operates  only  for  the  up  travel  of  the 
elevator  or  approximately  half  the  time.     •  ....«:.. 
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determined  by  calculation  in  order  to  secure  the  maximum  efficiency  in 

Pilot  Valve  Control. — Smoothness  of  operation  and  freedom  from  jerks 
when  startiag,  stopping  and  running,  is  secured  by  means  of  a  pilot  con- 
trolled self-centering  balanced  valve. 

TbemAViasitiscommonly  termed,  is  really  four  valves  in  one;  thejnlot 
valve,  governing  the  main  valve,  which  governs  the  elevator,  aid  the  up 
and  down  automatic  valves,  which  act  automatically  and  indepeadeatiy 
at  the  two  limits  of  travel  to  stop  the  car. 

Ques.    How  is  the  elevator  started? 

Ans.     The  pilot  valve  is  moved  initially  ' 
which  is  connected  to  the  lever  operating  A 


Fic.  S.774. — atandard  plunger  elevator  thiee  wajr  balanced  lack  ond  pmioa  valva  lor  tofw 
controlled  car.  Tbs  lilot  and  automatic  valves  an  omitted.  In  optratbm,  tb«  valve  ia 
moved  directly  by  meaiu  of  «  hand  tope  pusing  through  the  car.  limit  buttons  are  attadied 
totbe  repeat  the  two  limits.  When  the  elevator  engacei  the  button,  tbe  aootiamd  mownient 
of  the  car  slowly  closes  the  valve,  causing  the  car  to  stop  sutonutically  and  accuiatelr  «it  the 
teiminal  landing.  The  internal  plunger  ropes  are  dispensed  with  in  Mort  run  etevaton  of 
this  type.  The  lower  end  of  the  plunger  is  provided  vitha  wing  plug,  instead  of  ths  mors 
elabonte.  grooved  plunger  end,  but  the  action  is  the  uiuf. 
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»  at  a  fixed  speed  by 

Que«.    How  Is  the  speed  of  the  car  controlled? 

Ans.    By  controlling  the  extent  of  the  valve  movement. 

The  miin  v»Ive  move*  conBtpoadlnBly  to  the  cm-  lever — if  the  lever  be  moved  slightly. 
he  m&ia  valve  a  likewise  moved  alightly  and  the  speed  of  the  car  is  n^lated  accordui^y. 
a  this  way  the  operator  may  regulate  the  speed  of  the  car,  but  the  flmooth  start  or  atop  is  reffu- 
il«l  automatically. 

Automatic  Stop  Valoet — These  valves  cause  the  c^  to  stop  at  the 
upper  or  lower  limit  automatically  and  are  entirely  independent  of  the 
main  valve.  As  the  car  approaches  the  limit,  the  autiMnatic  valve  gradually 
and  positively  closes,  bru^ng  the  car  to  an  easy  audaccurate  stop,  even 
if  the  main  toIvo  be  left  wide  opsa.    This  important  result  is  accomplished 


M  City  aide  walk  tnw  plunger  elevator  with  looo  operated  rack  and  : 
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by  means  of  a  Tumui^  rope 
device,  the  rope  being  called  the 
automatic  stop  rope 

The  running  rope  device  is 
eimjdy  a  rope  which  ia  fastened 
to  the  car,  pasdng  over  two 
sheaves  at  top  and  bottom  of 
the  well  room.  The  lower 
sheave  is  attached  to  the  auto- 
matic valve  lever  which  is 
weighted.  Astheispemovesor 
nins  with  the  car,  i^  called  the 
ruiming  rope. 

The  rope  slants  from  the  car 
to  the  valve  sheave,  with  the 
result  that  as  the  car  approaches 
either  limit  the  slant  becomes 
more  acute.  The  eKect  is  the 
same  as  shortening  the  rope, 
which  gradually  and  positively 
lifts  the  weighted  lever  and 
closes  the  valve, 

J  Two  of  these  slanting  ropes 

t,  are  provided;  one  for  the  up 

•|  automatic  stop;  the  other  for 

I  the  down  automatic  Stop,  and 

^  no  mechanism  or  contrivance 

S  of  any  kind  adde  from  the 

I  slanting  rope  ia   required   to 

"^  effect  the  automatic  stop  at  the 

E  terminal  landings. 

■a 

■a  Motive  Power. — The  power 

J  required    for    the    elevator    is 

J  furnished  by  a  pumping  plant 

^  or  dty  service.     The  different 

a  service    requirements    peculiar 

R  to  each  buildii^,  necessitate  a 

"  specially     dedgned     pumjring 

iS  plant  to  meet  individual  needs. 
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EL  pump, 

_  ^_. „ __iesaine  water  is  used  over  and 

overlflowing  from  the  pressure  tank  to  the  cylinder,  from  the  cylinder  to 
the  discharge  tank,  and  from  the  discha:^  tank  back  again  to  the  pres- 
sKoe  tank,  thus. completing  a.  cycle  of  operation. 

The  number  of  pumps  and  tanks,  as  well  as  their  arrangement,  depends 
Upon  the  installation,  whether  lai^  or  small,  but  the  method  of  operation 
IS  the  same  in  every  case. 


Fig.  6,777.— Kansas  City  horiiontal  piaton  or  geared  freiBht  elevalor, 

compressed  air,  if  occasion  requires.  Steam  or  motor  driven  pumps  are  used: 
the  type  best  suited  to  the  individual  requirements  being  chosen  for  each 
instaUatioB.  The  exhaust  steam  can  be  utilized  for  heating  in  installations 
where  the  pumps  are  steam  driven.  The  resultant  saving  is  a  decided 
factOT  in  economical  building  operation. 

City  water  pressure  isoften  used  for  small  installations,  instead  trf  a 
pumping  plant,  thus  insuring  low  first  «ist  with  the  utmost  reUabHity, 
simplicity,  and  low  maintenance  charges. 

Piston  or  Geared  Hydraulic  Elevators. — The  mechanism 
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9k.  0,778. — Reedy  haritomal  hrdrauHe  devator  ensme;  eiteHor  view  aliairiiis  aeaenl 
■ppeaisncB.  also  the  cables  leading  from  the  car,  passing  around  the  two  sett  ol  BiisavH 
located  at  either  end  of  the  cylinder.  One  end  of  the  cable  is  tied  to  the  cylinder  and  the 
otbertothedevatorcHT.  /n  ofwraf  fort,  the  openins  of  the  pilot  valve  allowa  the  water  to 
cwD  the  mam  operating  valve;  this  perrsits  the  water  to  enter  the  cylinder,  ^ushinff  out 
the  piitoo,  thna  ieparating  the  two  Bets  of  sheaves.  In  thia  way  more  cable  la  taken  up 
between  the  sheaves  and  the  car  uses.  To  bring  the  car  down,  the  operating  valve  a 
4mned,whicha!]ow3  the  water  to  escape  from  tbe  cylinder.  pennittingtheBbesves  tocome 
dosertotrether,  thus  releasing  enough  cable  for  the  car  to  reach  icaisndina.  These  enginea 
usually  have  either  8,  10  or  12  sheavei,  half  of  this  number  being  stationary  and  hslf  travet- 
iDB-    The  travel  of  the  piston,  to  which  the  traveling  sheaves  are  attached,  is  in  proportion 

eBntravd.'thecar^will  travel    ^' '-      -       ■^-      ■  ^  ■'   °^'""       ™ 

her  the  Apeed  of  the  car  and  t 


Pio.  S.T7S.— Res 

tomstichydri 
pilot  valve,  the 

plained  above. 


itically, 
M  neglect  .„ 
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of  this  class  of  hydraxilic  elevator  consists  of  a  cylinder  and 
piston,  the  latter  bong  connected  by  one  or  more  piston  rods  to  a 
cross  head  which  carries  the 
sheaves  over  which  run  the 
lifting  cables  from  which  the 
car  is  suspended. 

By  means  of  suitable  valves 
and  controlling  mechanism  opej^ 
ated  from  the  car,  water,  under 
laessure  from  city  main,  air  or 
gravitv  tank  is  caused  to  flow 
into  and  out  of  the  cylinder,  thus 
causing  the  piston  to  move  from 
one  end  of  the  cylinder  to  the 
other,  and  back  again.  This 
motion  of  the  piston  and  cross 
head  to  and  fro  imparts  motion 
to  the  lifting  cables,  which  pass 
over  sheaves  at  the  top  of  the 
elevator  hatchway,  and  which 
hold  the  car  in  suspension,  thus 
moving  it  up  or  down,  according 
as  the  water  flows  into  or  out  of 
the  water  cylinder.  This  ar- 
rangement adapts  itself  to  geared 
drive,  that  is,  the  motion  of  the 
piston  transmitted  to  the  car  is 
I  multiplied  to  a  greater  or  less 
degree,  accordii^  to  the  design, 
by  the  number  of  sheaves  em- 
\  ployed.  Thus  the  speed  of  the 
"  car  as  compared  with  the  speed 

^ne;  B«ctioaal  view  ahowinff  construction  of 
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of  the  piston  may  be  from 
2  to  1  to  12  or  more  to  1, 
to  meet  requirements  due 
to  the  nature  of  the  service, 

whether  freight  or  pas- 
senger. 

The  ratio  of  gearing  also 
depends  on  the  he^ht  of 
the  building,  for  instance, 
in  tall  buildings  it  is  some- 
times as  high  as  20  to  1. 
There  are  two  types  of 
piston  elevators: 

1.  Horizontal. 

2.  Vertical. 

The  choice  depends  on 
local  conditions.     Thus,  if      ' 
the  floor  space  be  limited,       , 
vertical  cylinders  are  used. 

Vertical     cylinders     are 
usually  geared  3  and  4  to      I 
1,  though  ratios  of  from  2      i 
to  1  up  to  6  to  1  are  quite 

Fig.  E.TSl. — Dndemutmtcd  full  m^t-        j 
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common.    The  general  features  of  piston  elevators  are  shown  in 
the  accompanying  cuts. 

Electric  Elevators. — Electricity  has  been  found  to  be  a  very 
desirable  power  for  operating  elevators,  and  has  some  inherent 
advantages  which  has  catised  electric  elevators  to  grow  rapidly 
in  public  favor.    Ordinarily  electricity  is  easily  obtained,  and 


Pio.  5.732.— EHevatormotor  hone  power  diaffruu.  Three  factors  determine  tlie  borse  power 
of  the  motor  that  Ehauld  be  used,  namely,  the  weight  to  be  hobted.  the  speed  of  travel 
and  the  efficiency  of  the  elevator.  In  Ifteajatrram,  the  efficicDcy  of  the  elevator  is  assumed 
to  be  BO  per  cent.  To  determine  the  pnjper  sise  motor  to  use  in  any  case  follow  the  diag- 
onal line  correspondins  to  the  unbalanced  load  up  to  the  point  where  it  croasei  the  vertical 
line  correspondLQE  to  the  ipeed  desired.  Tlu  horizontal  line  at  this  pcHnt  will  indicate 
the  hoise  power  of  motor  required. 

the  flexibility  of  electric  equipment  allows  it  to  be  installed  where 
little  room  is  available. 

There  are  numerous  kinds  of  electric  elevator  to  meet  the 
various  conditions  of  service,  and  they  may  classed: 

1.  With  respect  to  the  current,  as 
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2.  With  respect  to  the  transmission,  as 


.  With  respect  to  the  control,  as 


a.  Non-reveraible.     /.  Full  magnet. 

b.  Reverdble.  t.  Push  button. 

c.  Mechanical.  a.  One  speed. 

d.  Semi-mechanical,  i.  Two  speed. 

e.  Semi-magnet. 


Pig.  G.TS3. — Typical  atranaeineiit  of  bralto  msEnet  having  a  wodge  actiog  belwetn  rollers  to 

rtlesu  tha  Inalu. 
TIG.5.7S4.— Detail  of  Kaestner  and  Hscht  electric  brakes,    /n  aparaMon.  tbe  braVe  is  median - 

ically  closed  by  the  apiiog  shown  at  the  lower  end.  and  electrically  released  by  the  aolenoid 

Motors  for  Electric  Elevators. — In  estimatii^  the  horse 
power  required  for  an  elevator  motor,  the  load,  speed  and  effi- 
ciency of  the  system  must  be  considered.  Since  it  is  customary 
to  counterbalance  the  weight  of  the  car  and  part  of  the  load 
this  must  be  taken  into  account,  that  is,  only  the  unbalanced 
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load  is  considered.    Accordingly  the  hcnrse  power  required  may 
be  obtained  from  the  following  formula: 

"°™P°™- EX  33,000 
m  whidi 
L  =  unbalanced  load  in  pounds; 
S  =  speed  of  elevator  in  feet  per  minute; 
E  =  efficiency  of  the  system  generally  taken  at  60%. 


I  givB  the  coniCant  ipeed  chmcteiiBtiG  of  th* 
up  to  40  horsB  powsr  ue  vuiabla  ipeed.  and 
toSOOR.P.M.  AoothBT  type  of  Watnor  dirtot 
cuinnt  motor  taaa  intnpolei;  up  to  30  horse  pohrer,  the  nngs  is  from  260  Rf.M.  to  800 
R.P.M.,  uid  10  to  M  hoiM  power  the  range  ii  2D0  R  J>.M.  to  600  R.P.M. 

EXAMPLE. — ^What  size  motor  will  be  required  for  an  elevator  to  operate 
at  a  speed  oC  400  feet  per  minute  with  an  unbalanced  load  of  2,000  lbs.? 
Substitutine  the  values  in  the  formula, 

2.000  X  400 
■  .5  X  33.000  ■  " 


H.P.- 


Ques.    What  kind  of  current  Is  suitable  for  elevator 
motors? 

Ans.    Either  direct  or  altematine>  preferably  direct. 
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Oues.    Why? 

Ans.     Principally,  because  of  the  high  starting  torque  of  the 
direct  current  motor. 

The  chief  difficulty  experienced  with  alternating  current  motors  is 
this  lack  of  ability  to  start  under  heavy  loads,  and  for  this  reasoa 
proportionally  larger  sizes  miist  be  used,  the  increase  tn  horse  power 
required  being  fully  33  per  cent. 


current  motor.    It  has  a  BUndard  speed  of  000  R.F.M.  fix 

P.M. for25 cycle  circuits^ and  bofths  wound  rotor,  alipriog 

'■  '  ^  ""■'■"      ■   imum  Btarting  current,  arid  had  pTAC- 

.__..^ haofteable.   TIiub,  an  elevator  built  for 

aatcc  cunent  can  readily  be  changed  to  alternating  current  in  canes  of  a  diange  in  powe^ 

Ques.  Is  the  higher  cost  of  the  relatively  larger  size 
alternating  current  motor  offset  in  any  way? 

Ans.  Besides  giving  a  heavier  starting  torque,  it  furnishes  an 
excess  of  power  which  enables  the  motor  to  run  at  full  speed 
without  such  noticeable  fluctuations  with  changes  in  load  as 
would  be  the  case  vnth  a  smaller  motor. 
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Ques.  What  type  of  direct  current  motor  gives  the  best 
control? 

Ans.    The  adjustable  speed  motor  having  a  small  percentage 

of  compound  winding. 

1    ,    '    , 

The  series  winding  is  cut  out  by  the  controller  at  nbrmal  speed,  but 
is  necessary  in  starting,  insuring  a  smooth  quick  start,  besides  being 
of  value  in  the  subsequent  control  of  the  motor. 

•  r 

Ques.  For  what  serviqe  is  the  sqliirrel  cage  induction 
motor  suited  ? 

Ans.  It  should  be  used'  only  for  slow  and  Constant  speed 
freight  elevators  where  the i impairment  of  the  line  regulation, 
caused  by  the  high  starting  currents,  is  not  important.    ' 

The  induction  motor  is  being  used  more  and  more,  for  driving^  elevators 
and  while  admirably  adapted  for  some  classes  of  elevator  service,  it 
possesses  ^certain  definite  Imiitations  which  should  be  taken  into  account 
when  deciding  on  the  type  of  motcff  to  use.  : 

Ques.  What  type  of  alternating  current  m^tor  is 
suitable  for  elevators  of  higher  speed? 

Ans.     Polyphase  slip  ring  or  external  resistance  motors. 

These  motors  may  be  used  on  two  phasei  or  three  phdse  circuits  having 
a  frequency  of  not  more  than  60  cycles. 

Ques.  Are  single  phase  motors  suitable  for  elevator 
service? 

,  Ans»  Special  elevator  type  of  repulsion  induction  motors, 
which  absolutely  insure  reversal  of  the  motor,  can  be  satis- 
factorily employed. 

Standard  split  phase  or  standard  repulsion  induction  motors  are  not  suit- 
able for  elevator  service. 

Elevator  Controller. — This  is  a  most  important  part  of  an 
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Fig.  5.787— Continttotxs 
operating  noa-fevenible 
full  mfichanical  belt 
driven  elevator  control 
svstem.  As  shown  the 
devator  machine  is  pro- 
vided with  a  tight  cen- 
ter puUey  and  loose 
pdlevs  on  the  two  sides. 
The  belts  axe  shown  on 
the  loose  puUevs*  one 
being  open  and  the  other 
crossed.  Theoountershaft 
carries  a  drum  wide 
enough  to  allow  for  the 
side  mo*.'ement  of  the 
belts  when  one  or  the 
other  is  shifted  upon  the 
tight  center  pouey  by 
the  belt  shifter  S.  To 
opereae  thm  ^€t>aiar  a 
hand  rope  is  provided 
which  runs  up  the  ele- 
vator shaft  at  one  side  ol 
the  car  from  bottom  to 
top  of  building.  This 
rope  is  shown  in  the  dia- 
gram at  L,  and  runs  around  two 
small  pulleys  AA'.  Pullev  A' is  pro- 
vided with  a  crank  pin,  ^ich  moves 
the  connecting  rod  B  and  thus  rocks 
the  lever  R,  and  thereby  moves  the 
belt  shifter  S.  To  cause  the  car  to 
ascend,  hand  rope  L  is  pulled  down, 
and  to  make  the  car  descend,  the 
hand  rope  is  pulled  up.  Accordingly, 
the  lower  pulley  wiu  rotate  in  one 
direction  when  the  hand  rope  is 
pulled  to  make  the  car  go  up  and 
vice  versa.  Pulley  A  is  shown  in 
the  stop  i)oeition,  hence,  ^en  the 
hand  rope  is  pulled  down  for  up  trip, 
the  pulley  will  turn  in  a  counter- 
clockwise direction,  and  thus  the  belt 
will  be  moved  to  the  right,  bringing 
open  bdt  into  operation.  Pulling  up 
on  hand  rope  rotates  A  ck>ckwise, 
moving  belt  to  left  and  bringixijs 
cross  belt  into  operation,  thus  causing  car  to  descend.  P  is  a  stop  rope  and  is 
connected  with  the  two  sides  of,  the  hand  rope  as  shown  and  if  pulled  when  car  is 
in  operation,  will  bring  L,to  position  shown,  stopping  the  car.  In  ojferation  when  the 
hand  rope  L  is  pulled  m  either  direction,  H,  draws  C  to  the  left  and  contacts  wi^  J,  thus 
current  passes  through  starting  resistance  I  to  motor  armature  through  D.  The  field 
circuit  branches  off  m>m  upper  end  of  I  and  reaches  field  coils  throu&ai  P,  and  reaches 
return  wire  through  D  and  thus  the  opposite  side  of  the  circt:it.  When  C  is  pulled  to  left. 
B  gradually  follows  by  gravitv  and  dash  pot  control.  The  elevator  machine  is  provided 
wiu  a  brake,  actuated  by  the  belt  shitter  S,  ai>plying  brake  when  belts  are  in  iXMitions 
shown;  when  belt  shifter  is  moved  in  either  direction,  brake  is  released. 


pwxet 
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Vra,6,7g8.— Msdu 


_, ,  jB  opemtot  in  Ui6  ea 

throng  tba  car.  dth«  up  oi  down,  be  RgulAts  the  sj^on  of  the  m. 
<tf  the  car.    For  high  Bpeeds  tbii  Ityle  of  omtiol  ii  not  mtisfoctoiy. 

-! 

lAldlthBcmbieir 

the  top  o(  tbo  ihi 

ii  Died  in  tha  cat  ft , „ . 

tbkt  portion  of  the  ehipper  coble  near  the  hand „  _,, .    . 

ena>gei  with  a.  qnDcket  wheel  monnted  on  the  uma  (haft  with  the  hand  lAecL    M 
., —  . z ^  control  whed  to  Tight  or  left  cauea  a  like  monment  of  tha  pOlkgr 


IB  Shipper  cables  aie  faMened 

ilet  para  are  supplied  ' '- 

ip  o(  tbo  ihoft.    A  pulkr  H 


.  -^  ^ . bar  A  which  is  fastened  Bcnm 

ii  placed  at  the  bottom  of  the  ihaft,  and  a  hand  irtwal  8 
duppsr  caUa  being  lOped  aiound  Uke  pulleys  as  showDi 


11  endentTthos  tianomittiiig  tba  nutioo  to  tha  motor  costnjier. 
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elevator  instaillation,  as  upon  its  proper  working  depends  the  safe 
and  satisfactory  working  of  the  car.    It'performs  a  number  of 
functions,  such -as  releasing  the  brake,  starting,   accelerating, 
slowing,  and  quickly  starting  the  car. 
The  control  may  be  classified: 

1.  With  respect  to  the  rotation  of  the  motor,  as 

a.  Non-reversible; 

h.   Reversible.  ^ 

2.  With  respect  to  the  current,  as 

a.   Direct; 

h^   Alternating. 

3.  With  respect  to  construction,  as 

a .   Full  mechanical ; 
2>.    Semi-mechanical; 

c.  Semi-magnjet; 

d.  Full  magnet. 

Non-Reversible  GotitroUers* — The  simplest  way  in  which  a 
motor  can  be  installed  to  drive  an  elevator,  is  to  arrange  it  so 
as  to  drive  a  counter  shaft  continuously,  in  which  case  the  ele- 
vator is  stopped  and  started  by  throwing  belts  on  the  tight  or 
loose  pulley  as  in  fig.  3,236. 

This  system  may  be  fully  classified  as  a  continuous  operating 
non-reversible  full  mechanical  control  system.  Obviously  the 
term  non-reversible  refers  to  the  motor  which  always  runs  in  one 
direction  as  distingusihed  from  motors  which  reverse  their 
rotation  to  reverse  the  motion  of  the  car. 

The  principal  difference  in  the  mechanism  of  a  full  mechanical  reversible 
.    or  "single  belt"  installation  and  the  non-reversible  system  is  that  the 
tight  and  loose  pulleys  are  replaced  by  a  single  tight  pulley  and  a  rever- 
sible controller  provided. 

The  foregoing  types  are  simply  combinations  of  an  electric  motor  with 
a  belt  drive  transmission. 

To  avoid  the  inherent  defects  of  belt  drive,  and  for  economy  of  space, 
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the  motor  and  winding  mechamsm  an  direct  connected  which  ia  the 
form  in  most  geoeral  use. 

The  distinction  between  the  various  classes  of  controller,  known 
as  non-Feveisible,  reversible,  mechanical,  semi-mechanical,  semi-m^net, 
full  magnet,  and  push  button  is  illustrated  in  the  accompanying  cuts. 


'Xi.  G.mOand 5,791. — Cutler  Hammer  direct  currmt  nrenibla  liiigfa  tpeed  •anS-maeiwt 
oontniuer  with  Kparate  leven*  twitch  for  dow  qiMd  pssMngsr  or  (roght  «l«<ntor. 
Pig.  8,790.  ttM  BtartinB!  fig.  6,791,  Sdnteman  type  BKnvens  nritch.  Tto  oontroller 
coBBrtaof  >  gliding  contact  controQar  paoBl  with  mua  biw  Ducnetically  operated  clappar 
■mtch,  knd  a  seponite  drum  nvene  nmch.  Tile  main  dapper  nritch  ii  controlled  direinly 
faom  the  raverae  awitch  by  means  of  mitaUe  auiiliary  cootacta.  the  actioa  at  the  olappar 
nritdi  bdna  tuch  that  the  motor  drcnlt  ia  alwayi  opaiied  or  cloatd  with  a  sn  ip.  The  main 
Switdi  ii  n  iateilacked  with  the  riHuatat  that  the  motoc  canDot  be  ctarted  or  reverted 
pntil  aU  Marting  rsditance  ia  in  dnmit,  inaoring  amooth  acceleiBtiai].  Tbt  revsna  iwitcb 
fa  of  the  drum  type  designed  tor  uta  <rith  lever,  whed.  or  eraak  contrDl.  or  may  be  operated 
tr  hand  cable.  Hie  arrangement  ot  oontact  it  nidi  that,  althuu^  the  nvene  switch  it 
of  the  tlow  break  type  without  a  centering  tpring.  the  motor  drcait  it  opened  hC  the  dapper 
main  twitch,  thereby  eliminating  destructive  arcing  on  Hie  reveieg  twitch  cootactt.  A 
ntechanical  connection  may  be  made  between  the  tnveling  nut  ot  tht  winding  dmm  and 
tiie  rnnnia  twitch  whidi  vill  terve  to  tfarow  the  latter  to  the  off  pontton  at  either  limit 
ot  travel.  Limit  switchea  may  be  uaed.  bowerer,  and  in  many  cai  the  ate  ot  thelt  limit 
nritches  will  obviate  the  necestitr  o(  instBlllnff  the  won  expeniiva  tmvellna  vat  device. 
'Where  ahaft  limit  awitcbea  are  nted  the  hand  cable  la  connected  to  the  onim  lami^ 
twitch  only.  Two  tingle  pole  theft  limit  twitchei  ihoold  be  inttalled.  one  at  either  Uont 
of  elevator  travel.  Tbae  can  be  arranged  for  operation  by  tlie  car,  or  may  be  to  'nttalM 
that  one  twitch  it  operated  by  the  ear  and  the  other  by  the  eoonterweight.  The  limit 
■witchei  should  be  connected  between  the  dnio  nveraa  twitch  and  the  controller  puatl 
to  aa  to  open  tne  circuit  of  the  main  twitch  ooil  and  ttop  1^  motor  iriienever  me  car 
arrives  at  the  top  or  bottom  of  the  thatt.  With  all  ttn]i.magDet  oontndltn  the  mechanical 
bralceiinniallyreleaasibytheoperatioaattheliandoUe.  It  it  potrilde,  Iwwtr.  to  nf 
a  solenoid  operated  brain  with  thete  contrtdlart  by  the  addtthm  of  luitable  contacts  or 
relays  to  the  contn>]1er.  In  connection  with  the  hatchway  limit  twitches  a  brake  tcdenoid 
and  slock  cable  switch  should  alwayi  be  intulled. 


ELEVATORS 


Pio,  5,762.— Cmler  Hammar  (Sohiutmnn  type  MJ 
duvct  cunEnt  revenable  ono  or  tvo  speed  wilh 
■low  down  full  nufnet  contmll&r  tor  high 
fpeed  puwnger  devaton.  SImo  domu 
Thii  feature  gives  about  aie^iurter  ot  the 
normal  speed,  tlie  oonnal  spMd  bema  fat 
nnflle  apeed  equipment,  the  runninff  tptm,  ajid 
for  two  speed  equipment,  the  speed  obtaiiied  with 
full  field  on  Ou  motor  and  ell  the  uraetan 
nsbltuiM  cut  oat  of  dicoit.    CiintraHar  pantt. 


. , JO  that 

the  speed  ot  tbo  equipment  can  be  regulated  t) 

the  desired  value.    Suitable  interlocks  are  siniptied 

so  that  the  main  and  reverse  awitcbes  cannot 

be  eDerETied  until  all  of  the  startinB  leaistance  it 

ioserted  in  the  armaluie  circuit.    Similar  inler- 

locka  are  supplied  for  givinff  proper  RQuence  in 

the  operation  of  the  smiicBes.    AnporatBa  on 

coniraller  panet,        1.  double  pole   main    line 

inaSiwticaUy    operated    svitch;     S,    double  pole 

magnetically  operated  direction  awitcheat  1,  single 

pole  magnetically  operated  "slow  down     or  "dy- 

namic  brake"  switch;  It  Bin^le  pole  "slow  down" 

relay;    1,  acceleiation  movement  eonmting  of  s 

set  of  crank  Bwitchea  operated  by  a  Goleuoid  and 

retarded  by  ft  dash  pot;     1,  try  out  switch;     2, 

control  fusea;  I.  double  cf^  overload  movcmcnl. 

In  addition  to  the  above,  for  two  speed  controlleT^ 

-  there  is  one  four  step   field  wea^enina  switch. 

Fimetbm»  of  neltchf.    A  double  pale  main  line  swiich  breaks  both  sides  cJ  the  line 

and   in  connection  witli  the  direction  switches  gives  four  breaks  in  the  armature 

circuit.     The  direction  swilcbes   are  mechanically   iDierloclied  to  prevent   their    aim- 

ultaneoQS  operatioa  which  would  cause    a   ahoit  circuit  on  the  line.     These  Bwitchei 

wiU  automatically  open  on   abnormal  drop    in    voltage    and    stop  the  equipment- 

Ths    slow    down,     or    dynamic    brake     switch    inuits    armature    shunt     resistanc* 

in  the    slow    down    position    and  also  keeps    this  re^stance   in  circuit   in   the   off 

positioa  until  the   motor  has  piactically  stopped,   thus  giving  a  powerful  dynamic 

braldnc  effect.     The    slow    down    relay    handles    the    acceleiatin^   solenoid  current. 


...-    ratinff  soienqnd  was  handled     directly    from  "Uie    car    switch.      The 

time  of  cutting  out  tfiel  armature  lesistanqB  is  adjusted  by  means  of  a  needle  valve 
m  the  bottom  of  a  large  vacuum  dash  pot.  The  try  out  switch  enables  the  attendant 
to  run  the  car  directly  from  tbe  control  panel  without  the  neceiaity  of  getting 
into  the  car.  The  control  fu»9  are  used  as  a  protection  to  the  operating  c(h& 
of  the  ma^et  switches  and  also  afford  additional  _  orotection  to  Uw  e&ntnr 
equipment  in  the  case  of  grounds  or  abort  circuits  i 
double  coil  overload  movement  is  erranged  to  stop  thf 
and  can  be  automatically  reset   by    throwing  the   car 

the  resetting  feature  in  the  car  switi^,  it  is  possible  ti 
closest  limits.  This  device  theiefore  poesesses  an  advai 
circuit  breaker  in  that  the  operator  is  not  compelled  to  ■" 
slwht  overload  occurs.    The  only  thing  necessary  is  to 

vRth  a  manually  operated  circuit  breaker  the  operator,  i ^ 

increases  the  current  setting  of  the  breaker  when  he  goes  to  the  panel  to  nset  it  and,  m 
case  ot  continued  tripping,  cvenitualty  ties  the  bieaker  in;  thus  eliminating  the  ovu4aad 
protection  which  the  circmt  breaker  is  designed  to  give.    The  four  step  fldd  weakening 


Fo  need  equiptnenta  ia  a  w«ght  closed  switch  controtled  by  u 
ot.  It  is  positive  in  action  and  is  t^wrative  both  when  inserting  and  mis 
t  the  fleld    tMiCMoco,  iasaiiiif  nuolb  aoMkntiga  «nd  decdention  a 
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Full  Magnet  Direct  Current  Controllers. — ^A  typical  direct 
current  control  apparatus  of  the  full  magnet  type  consists  of 
several  slate  panels,  mounted  on  an  angle  iron  frame  with  all 
the  connections  made  on  the  back  of  the  board. 

The  solenoid  switches  mounted  on  the  slate  panels  are  ar- 
ranged to  perform  the  following  functions: 

1.  To  disconnect  in  the  off  position  both  sides  of  the  line  from  the 
armature,  series  field,  resistance,  and  brake  magnet. 

2.  To  accelerate  the  motor  automatically  by  cutting  out  the  armature 
starting  resistance  step  by  step,  and  also  the  series  field  with  the  last 
step  of  armature  resistance  (this  by  means  of  individual  series  relay 
control)  giving  smooth  acceleration  under  all  load  conditions. 

3.  To  control  the  speed  of  the  elevator  by  cutting  resistance  in  or  out 
of  the  shimt  field  circuit  of  the  motor,  affording  positive  speed  control 
under  widely  varying  loads. 

4.  To  bring  the  elevator  quickly,  but  smoothly,  from  high  to  low  speeds, 
regardless  of  Toad,  making  accurate  stops  at  landings  an  easy  matter. 

6.  To  open  the  circuit  to  the  motor  should  an  overload  current  flow» 
6*  To  apply  the  dynamic  brake  in  the  off  position. 

7.  To  test  elevator  at  normal  speed  from  the  switchboard. 

To  these  seven  functions  may  be  added,  as  a  modification 
of  the  standard  controller  equipment: 

8.  To  open  the  shunt  field  circuit  in  the  off  position  of  the  controller. 

Alternating  Current  Controllers. — ^There  are  many  types 
of  alternating  current  controller,  the  best  known  being  of  the 
full  magnet  variety. 

As  previously  stated  alternating  currejit  motors  should  pref- 
erably be  limited  to  moderate  speeds,  because  it  is  not  feasible 
to  employ  dynamic  braking.  This  means  that  the  car  must  be 
slowed  down  and  stopped  by  the  application  of  the  solenoid 
brake  alone,  and  the  speed  must  therefore  be  one  that  will  permit 

NOTE. — ^Where  old  elevator  equipments  are  being  changed  over  to  the  full  magnet 
system  and  the  old  motor  is  in  such  good  condition  that  it  is  possible  to  use  it  with  the  new 
equipment,  particular  attention  should  be  paid  to  the  amount  of  speed  variation  that  can 
be  oDtained  from  the  old  motor.  Very  few  of  the  older  elevator  motors  are  designed  for  & 
wide  range  of  speed  variation  by  shtmt  field  resistance. 


A 
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this  being  done  with  safety  and  comfort  tinder  all  the  widely 

varying  conditions  met  with  in  elevator  service. 

A  typical  alternating  current  full  magnet  controller  consists 

of  several  slate  panels  moimted  on  an  angle  iron  frame  which 

serves  also  as  a  support  for  the  resistance.    Alternating  current 

'  solenoid   switches  mounted  on  the  face  of  the  panel  and 

Fic  5,793.— Cutter-Hammer,  B]teiiia.tin|i 
cumnt.  nveialbU,  singla  speed  fult 
magnet  push  button  controller  for 
etoH  speed  possenKer  or  bcigbt 
elevatoii.  It  iTsuitabla  for  tvo  or 
three    phase    sUp    ring    inductioa 


factory  and  practicabis  method  tt 
reduc^nf  the  speed  of  an  altemating 

purely  a  matter  of  bringing  the  oat 
to  an  easy  and  accunte  stop.  Then 
are  elevators  driven  by  arteni».tina 
current  motors  sjid  operstiog  satb- 
factorily  at, car  speed  of  276  to  800 

cases  the  brake  details  have  beeo 

that  a  comparatively  easy  stop  is 
marlp    with    widely    varying   Icodi^ 
Lch  a  high  speed.     Op- 

Ukel)  ta 
)0  feet  Der  mioute.  In 
Ion     of    the    controller 

by  a  OQuble  pole,  solenoid 


narity,  however, 
Bvator  caotrollm  for 


L 


the  solenoid  operated  crank  acod- 
eratkin  type,  retardation  bem^ 
effected  by  an  ediustablo  vacuum 
dash  pot.  The  sUrting  Tesistancs  is 
of  the  cast  grid  type  and  is  cut  out 
in  equal  atepa  in  each  phase  of  thb 
rotor  winding,  thereby  keeping  the 
phases  in  balance  at  all  times.     The  rheostat  and  Che  mainline  switch  are  Go  interlodted 

mechanical  inlertock  is  also  provided  between  the  two  direction  smlchea  bo  that  both 
cannot  be  closed  at  the  same  time.  Test  buttons  mounted  oa  the  panel  permit  of  the 
car  being  operated  from  the  switchboard- 


ELEVATORS  3,243 

connected  to  the  resistance  (all  connections  being  made  at  the  bade 
of  the  board)  are  arranged  to  perform  the  following  functions; 

1.  To  disconnect  the  primary  wires  from  the  motor  and  brake  solencnd 
in  the  o£E  position  of  the  controller. 

2.  To  accelerate  the  motor  automatically  by  cutting  the  startine 
resistance  out  of  the  rotor  circuit  step  by  step  (usmg  series  relay  coatrot) 
and  giving  smooth  acceleration  at  all  loads. 

3.  To  operate  the  elevator  from  the  switchboard  for  test  purposes. 


and  S.7B5.— Cutle 


Jtenmtiflg  ciinent,  reveraible.  imfflfl  ipHd,  BemL* 

^ 5  awitdhforsloir  speed  pBswnger  or  freight  elevators 

operated  by  Klf-ttartin^*  BinplQ  phase,  special  elevator  type  molorj.  ,Fia.  5,7ft4,  self- 
starter;  fig,  &,7V5,  revene  switch.  In  conttruction,  the  self-starter  u  of  the  enmk 
acc^eration  type,  uinff  individual  carbon  contact  leveia  for  each  step  of  reslstaace.  The 
rate  of  accelerating  is  under  control  of  a  vacuum  air  dasb  poi.  In  optrallon  the  con- 
tacts in  the  drum  reverse  switch  are  not  required  to  brealt  the  motor  cunema,  but  are 
used  to  reverse  the  motor  connections.  AuidlLary  contacia  in  the  snilch,  handle,  and 
control  circuit  of  the  nlf'Starter  and  the  main  ciicuils  ace  made  and  broken  on  a  special 
quick  make  crank  switch  actuated  by  the  accelerating  solenoid.  The  special  motor  whkai 
must  be  used  is  pravided  with  an  interlocking  contact  on  tlie  motor  which  is  closed  onl/ 
after  the  motor  lias  praclicaliy  come  to  a  standstill.  Connection  is  made  between  th« 
-    ■         ■■  ■     -    he  motor  while  running.   Tb« 

■se  from  high  speed  anlen  thi* 
Shaft  limit  switches  may  ba 

it  the  travel  limits. 


interlocking  be  provided.    Adaptation^'  25  to  60  cycli 
Installed  in  the  elevator  abaft  if  desired  to  stop  the  moto 
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Alternating  current  controllers  are  illustrated  in  the  accxMn- 
panying  illustrations. 

The  Transmission. — The  term  "transmission,"  as  generally 
and  erroneously  used,  denotes  the  system  o£  gearing  between  the 
motor  and  drum;  it  properly  includes  the  entire  mechanisni  be- 
tween the  motor  and  car,  that  is,  the  gearing  between  motor  and 
drum  and  the  "final  drive"  or  drum,  cables  and  pulleys,  for  all 


:.  S,T9Sj — Ge&r  tooth  psrta.    A«t«pru  o^  «iiir  fartaa.    Two  syiteini  of  nar  too 
used  for  apur  ff«aia:  th«  enclolditl  and  uie  involute.    Of  these,  tho  invcJut*  ays 


ca  On  immttri^  ItM  fcr  laeh  iiuh  of  pOeh  dioKuUr.    Inlnnat  tpur  gaan. 

The  dimcniioa  of  intanua  «puT  gcui  nay  ba  found  by  ths  luns  fomiula  u  thoM  tot 
utemsl  apur  geaia,  except  foi  the  modification  mLd«  Decessary  by  tho  liLCt  that  the  colter 
dittaoce  in  internal  geanns  is  squol  to  the  diffimct  between  the  two  pitch  radii,  inatMd 
of  the  sum.  In  addition,  the  term  inside  diameter  takei  the  place  o(  the  ontside  diameter 
of  external  ipiu  Be"™B-  This  diameter,  of  ooune.ii  the  diameter  ot  the  hole  in  tlie  blank 
.before  the  teeth  are  cut.    /n  laying  «ut  the  shape  of  teeth  for  internal  ffearins.  inters 


NOTE.— The  strength  of  gi 

them  depend  upon  eo  many  vari 

formula  and  lules  given  l>y  diSerent  writers  show  a 
Un^.  Fraik.  foil..  J<itr,  ISTSj  found  that  there  wi 

-■-  '-a  for  hoiBOpowerand  working  strength,  differ 

,„.  jBt.    In  l&M  Plot.  Wm.  Harkness  IProc.  > 

of  the  bibliography  of  the  lubject,  beginning  in  1'^° 
and  formula  UKd  by  various  authors,  there  wen 
could  be  transmitted  by  a  Hives  pair  olgi       ' 


ELEVATORS  3,245 


these  devices  axe  used  to  transmit  power  from  the  motor  to  the 
car.  •  The  same  mistake  is  made  in  the  case  of  the  automobile 
by  ill  advisedly  using  the  word  transmission  to  denote  only  the 
gear  set,  whereas  it  properly  includes  the  entire  system  between 
the  engine  and  rear  axle,  viz:  clutch,  gear  set,  propeller  shaft, 
tmiversal  joints,  bevel  gear  and  differential. 

Accordingly  in  the  case  of  the  elevator,  the  transmission 
consists  of 

1.  Gearing  between  motor  and  drum; 

2.  Drtrai;    . 

3.  Cables; 

4.  Pulleys. 

The  term  "electric  engine**  is  used  by  elevator  manufacturers  to 
denote  the  motor,  controller,  drum  and  gearing  between  motor  and 
drum.  Presumably  because  these  devices  are  usually  incorporated  in 
one  unit,  arises  the  erroneous  usage  of  the  term  transmission. 

Gearing  between  Motor  and  Drum. — ^There  are  several 
forms  of  gear  used  to  secure  the  velocity  reduction  between  the 
motor  and  drtim,  necessary  in  most  types  of  elevator.  These 
may  be  classified  as 

1.  Belt; 

2.  Chain; 

3.  Spur  gear; 

4.  Herringbone  gear; 

5.  Worm  and  wheel  gear. 

Belt  Drive. — In  factories  or  other  places  where  line  shafting 
is  kept  running  continuously  elevators  are  sometimes  driven 
from  a  countershaft,  the  latter  being  belted  to  the  line  shaft. 

Very  often  the  elevator  machine  is  driven  directly  from  the  line  shaft, 
and  as  the  line  shaft  always  runs  in  the  same  direction  the  only  way  in 
which  the  elevator  machine  can  be  reversed  is  by  the  use  of  two  betts, 
one  open  and  one  crossed,  as  is  done  in  the  case  of  a  metal  planer  in     i 
a  macMiine  shop;  this  form  of  elevator  drive  has  already  been  described^ 
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ftoa.  5,797  and  6,798,— -aoalemotortraotiondrive  with  tnivelingpiilleTS.  Pig.  S,797,pnmBry" 
form;  fig.  S.79g,  moditwd  form.  Tliis  drive  difFers  fram  the  Pntser  Birensemeat  in  ttaX 
but  one  motor  is  used  initead  of  two.  The  motor  in  this  system  runs  »t  dow  speed  and, 
by;  means  of  the  pulley  A,  on  the  armature  shaft,  drives  a  set  of  cable,  which  paEses  under 
this  pulley,  thenCB  over  the  traveliiig  pulleys  R  and  3,  aad  has  its  free  ends  anchoivd  at 
NN.  The  frames  of  the  traveling  pulleys  are  respectively  connected  by  cables  casaing  over 
the  upper  pulleys  C  and  E.  with  the  cor  H,  and  the  counterweight  W.  /n  (K*  modtKad 
/arm,  the  two  traveling  pulleys  H.  and  S,  are  combined  in  a  single  frame  V.  Bi;d  «,  tension 
weight  T,  is  added  u  shown,  /n  «p««tfbn.  the  motor  is  controlled  as  usual  from  the  car. 
It  must  be  Btarted  to  move  the  car  and  stopped  to  brina  the  car  to  rest.  Both  the  car 
and  counterweight  move  at  h»lf  the  periphenJ  loeed  of  Uie  driving  pulley.  If,  however, 
the  set  of  drtving  cable  after  pasBtng  over  the  pulley  R  and  S ,  be  led  under  a  luir  of  sta- 
tionary pttUey  and  then  have  tbeir  Me  mdi  connected  reipectively  to  the  traveling  frames 
R  and  S.  instead  of  anchored  at  the  filed  point*  NN,  the  speed  of  the  oar  and  counter- 
weight would  be  one-third  the  peripheral  speed  of  the  driving  sheave.  By  further  de- 
veloping this  plan,  different  ratios  of  car  speed  to  motor  speed  can  be  obtained. 

Pics.  G,790  and  5,800.— Praser  cable  drive,  designed  to  obviate  the  disadvantage  of  the  large 
shaft  space  required  for  drum  elevators  in  very  high  buildings,  owirig  to  the  horizontal 
travel  of  the  cables  when  winding.  Fig.  S,799  primary  tonn;  fig.  5,800,  modified  form. 
/n  thmprtmarw  farm,  the  hoisti^  machine  at  C,  consists  of  two  moton,  superimposed, 
each  dnvias  a  set  of  endless  cable  by  means  of  a  pulley  on  its  Hrmatuie  shaft.  Two 
weighted  sliding  frames  M  and  N,  carrying  pulleys ,  are  driven  by  the  endless  cable.  The 
frame  H,  is  connected  to  the  car  O,  by  a  cable  passing  over  the  upper  pulley  H,  and  the 
frame  N,  is  connected  to  the  counterweight  W,  by  a  cable  passing  over  the  ureer  pulley  K.. 
In  tha  avuUnii  iOrm,  the  traveling  pulleys  are  combined  in  a  single  frame  S,  the  tensioa 
on  the  endless  cables  being  maintained  ay  s  weight  W.  acting  on  the  pulleys  in  th*  from.  R 
In  operation,  when  both  motois  are  running  at  the  same  speed,  and  in  oppoeili 
1  the  driving  cables  move  without  raising  or  lowering  the  car  or  counterweight.     . 
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Ques.    Mention  some  objections  to  belt  drive. 

Ans.    Slippage,  breakage,  and  ruiming  off  the  pulleys. 

« 

Chain  Drive. — On  some  slow  speed  heavy  duty  elevators,  a 
double  reduction  gear  is  used  with  chain  drive  for  the  first 
reduction  and  worm  gear  for  the  second  reduction.  There  are 
various  types  of  chain  that  may  be  used,  such  as  link,  roller,  and 
the  so  called  "silent*'  chain.  The  latter  is  extensively  used 
because  of  its  quiet  operation. 

Spur  Gear  Drive. — This  well  known  method  of  transmitting 
power  is  extensively  used  in  elevator  practice.  It  is  a  "positive" 
drive,  as  distinguished  from  belt  drive  which  is  subject  to  slip- 
page. For  moderate  speed  motors  or  machines  in  which  the 
speed  reduction  between  the  motor  and  druni  is  not  too  great, 
spur  gearing  is  well  suited. 

Obviously,  where  great  speed  reduction  is  required,  as  in  installation 
comprising  a  high  speed  motor  and  slow  speed  elevator  it  is  not  so  well 
suited  because  of  the  large  diameter  of  the  dnrni  gear  required  or  the 
extra  gears  for  double  reduction  necessary  to  obtain  the  necessary  speed 
reduction.  Clearly,  such  installations  are  best  fitted  with  worm  gear 
drive,  as  any  speed  reduction  is  easily  obtained  without  the  necessity  oi 
double  reduction  drive. 


Pigs.  6,709  sad  5,800.— Con««M«d. 

therefore  run  continuously  in  the  operation  of  the  system  r^fardless  of  whether  the  car 
be  moving  or  standing  still .  A  magnetic  bralcs  B ,  on  the  overhead  puUey  H ,  is  operated  when 
the  car  is  to  remain  motionless,  so  as  to  prevent  any  slight  variation  in  the  speed  of  the 
motors  tending  to  move  the  car.  When  motion  is  to  be  imparted  to  the  car,  one  motor  is 
speeded  up,  and  the  other  motor  is  slowed  down,  thus,  there  will  be  a  difference  in  the 
heights  of  the  two  cable  loops.  This  difference  is  taken  up  by  the  motion  of  the  sliding 
frames  which,  in  turn,  transmit  their  motion  to  the  car  and  cotmterweight,  raising  the  one 
and  lowering  the  other,  or  vice  versa,  depending  upon  which  of  the  two  motors  be  running 
the  faster.  The  speed  of  the  car  in  either  case  will  be  half  the  difference  of  the  periphery 
speeds  of  the  driving  jndleys.  The  motors  are  shunt  wotmd,  and  run  normally  at  400 
revolutions  per  minute.  The  speed  of  either  motor  can  be  increased  to  620  revolutions  per 
minute  or  diminished  to  280  revolutions  per  minute  by  means  of  a  rheostat  in  the  car  which 
introduces  resistance  in  the  field  of  one  motor  and  cuts  it  out  of  the  field  of  the  other  motor. 
With  driving  ptilleys  19  inches  in  diameter,  the  operator  can  thus  vary  the  speed  of  the  car 
from  zero  to  600  feet  per  minute.  Owing  to  the  small  diameter  of  the  pulleys,  a  special  kind 
of  cable  consisting  of  a  steel  wire  core  covered  with  manila  or  hemp  is  used  to  secure  the 
requisite  strength  and  flexibility.  The  advantages  of  the  Praser  elevator,  besides  small  shaft 
space  reqturedfor  its  operation,  are  rapid  acceleration  and  quick  stopping,  and  the  ability  to 
reverse  from  full  speed  in  one  direction  to  full  speed  in  the  opposite  direction  without  pro- 
ducing excessive  strains  or  shocks  in  the  apparatus.  To  counterbalance  these  features  are 
the  first  cost  and  the  operating  cost  of  the  system,  both  of  which  are  greater  than  for  the  drum 
type  of  elevator. 
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Herringbone  Gear  Drive.— This  fonn  of  gear,  sometimes 
called  double  helical  tooth  gear  is  a  type  in  which  right  and  left 
hand  spiral  teeth  are  both  used. 


Fio.  G.804. — Gueney  herruisboae  Baa,  piiiioD.  and  brake  pulley.^  The  ntia  betneen  EE**n 

outward  at  so  angle  of  about  23  degrees.  There  ia  nothing  oew  about  th^  ^pe  of  spur 
B«ar,  aa  it  has  been  in  use  for  mill  purposo  for  at  leoat  a  century.  It  was  originaU/ deswned 
to  import  a  smoother  motion  to  the  driven  machioea  and  also  to  give  ^iBatei  itnngtti  to 
the  teeth,  but  until  lecently  the  only  method  of  prodddns  it  was  by  caatmg  and,  of  courw, 
cast  gean  wen  not  appiicable  to  elevator  service.  The  advantages  a(  the  hemngbone 
gear  are  a  tr^irtimi^m  of  friction  as  compared  with  the  worm  and  woitd  gear;  smoother  nin- 
ning  than  with  tbe  teeth  cut  straight  aciois  the  face;  and  greater  strength  doe  to  the  diagonal 
position  of  the  teeth,  which  allows  a  greater  number  at  teeth  to  b«  in  mesh  with  the  t^on 


Pic.  5,801, — ^Northem  spur  geared  elevator  machine  for  freight  and  foundry  eleyaton. 
The  frame  for  the  hoisting  machaniim  b  self  contained .  A  slow  speed  motor  is  used.  The 
machine  can  be  either  ever  or  under  mounted  or  below  the  ceiling  of  any  story  with  the 
rope  carried  over  the  pulleys. 
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The  advantages  of  herringbone  gears  may  be  stated  as  follows: 
The  action  is  continuous  and  smooth;  there  is  no  shock  when  the 
load  is  transferred  from  tooth  to  tooth,  and  therefore  wear  is 
practically  eliminated,  the  bending  action  of  the  load  on  the 
teeth  is  less  than  with  straight  spur  gearing;  the  gears  work 
almost  silently  and  without  perceptible  vibration;  back  lash  is 
practically  absent  and  herringbone  gears  can  be  used  for  high 
ratios  and  for  great  velocities. 

Ques.    Describe  the  Wuest  system  of  herringbone  gears. 

Ans.  The  right  and  left  hand  sides  of  the  gears  are  stepped 
half  a  space  apart  and  do  not  meet  at  a  common  apex  at  the 
center  of  the  face,  as  in  the  usual  type  of  herringbone  gear. 

This  stepped  form  wears  more  evenly  under  extreme  loads  than  the 
ordinary  type. 

Worm  Gear  Drive. — This  form  of  gear  is  very  extensively 
used  and  is  especially  suited  to  slow  speed  elevators  driven  by 
high  speed  motors.  A  feature  of  worm  gear  drive  is  that  it  is 
self -locking  because  of  the  high  velocity  ratio,  that  is  to  say, 
no  change  in  the  loading  of  the  car  will  produce  movement. 

In  construction  the  gearing  is  enclosed  in  a  cast  iron  box  or  casing 
which  serves  to  protect  the  gears  from  dust  and  also  to  form  a  reservoir 
for  oil  used  for  lubrication.  The  worm  is  generally  placed  below  the  gear, 
in  order  that  the  worm  may  run  in  an  oil  bath.  There  are  two  kinds  oi 
gear: 

1.  Single  gear; 

2.  Double  or  tandem  gear. 

An  tmdesirable  feature  of  the  single  worm  drive  is  end  thrust. 


NOTE. — The  fundamental  principle  of  the  action  of  herringbone  gear  teeth  lies  in  the 
fact  that  all  phases  of  engagement  take  place  simultaneously  for  every  position  of  pinion  and 
gear,  providing  the  relationship  between  pitch,  width  of  face  and  angle  of  spiral  is  such  that 
it  insures  a  complete  overlap  of  engagement.  Since  all  the  phases  of  enfi^agement  occur  simul- 
taneously, it  is  evident  that  the  load  is  nartly  carried  by  tooth  sxirfaces  m  sliding  contact  and 
partly  by  surfaces  in  rolling  contact.  The  portions  of  the  teeth  farthest  from  the  pitch  line, 
which  engage  with  sUding  action,  tend  to  wear  away^more  rapidly  than  the  portions  nearest 
to  the  pitch  line.  The  pitch  line  portion,  however,  is  always  canying  part  of  the  load  and 
the  effect  of  wear  at  the  ends  of  the  teeth  merely  is  to  throw  more  load  on  the  center  portions 
or  in  other  words,  there  is  a  constant  tendency  to  concentrate  the  load  near  the  pitch  line. 


< 
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•^  Cloftrly  with  a  heavy 

bad  there  is  con^der-- 
able  pressure  endwiss 
on  the  threads  erf  the 
worm  which  is  accom- 
panied by  friction  (loss 

1*^  of   power)    and  wear, 

moreovera  Epedal  form 
of  bearing  called  a 
thniGt  bearing  is  re- 
quired to  take  this  end 
tiirust. 

Ques.  Describe 
some  forms  of  end 
thrust  bearing. 

Ans.  For  light  serv- 
ice, discs  of  bronze  and 
steel  suffice  to  take  the 
thrust;  for  medium  duty 
ball  bearings  should  be 
used;  and  for  heavy 
duty,  roller  bearings. 

The  details  of  con- 
struction are  shown  in 
the  accompanying  cuts. 

Ques.    What  is  the 
object    of    a   double 
n  worm  gear? 

o  eliminate  the  end  thrust. 
Describe  a  double  worm 


«dy  slode  worm  drive  with  ball  beariiu 
.  The  shaft  on  which  the  wonn  ia  cutS 
lacted  tci  the  motor  through  a  couphns 
'  ahaiwd  flange  which  ia  uaed  as  a.  braking 
The  singlE  ironu  drive  is-  suit&ble  for  ref 
V  car  speed  and  light  loads,  in  <son- 
wurm  driven  are  arraoaed  to  run  in  oil, 
...^  Uw  wDnn  is  placed  below  the  seal  irtlsBl. 
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Ans.  Two  worms,  usually  forged  solid  to  one  shaft  are  em- 
ployed; one,  a  right  hand  worm,  and  the  other  left  hand.  These 
worms  mesh  with  two  gears  of  equal  size. 

Double  Reduction  Worm  and  Internal  Gear  Drive.— 

For  very  slow  heavy  duty  freight  elevators,  operated  by  high 
speed  motors,  the  excessive  speed  reduction  necessary  is  best 
obtained  by  double  reduction  drive  employing  a  combination  of 
worm  and  internal  spur  gear. 


Pio.  B.SD6. — WuiierliiteiiiBl^rg«u'fi«ightcl*v>toriiiachiiia.fitt*dformschanicaleontnil. 
The  gear  Gpider  S,  and  drum  D,  are  made  in  cme  casting  with  a  heavy  cast  iron  neck  bvtWMn 
tliem.  Oc  top,  theniDtofM,  u  the  (imtnllei  bos  C.  containing  the  switchea  and  Tbeortat. 
N,  is  the  bialce,  R,  ahipper  pulley,  and  A  A.  the  limit  etop- 

Ques.    Why  is  an  internal  gear  used  r 

Ans.    In  order  that  the  drum  will  rotate  in  the  same  direction 
relative  to  the  worm  as  in  single  reduction  gear. 
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1IX5.§0T. — Tendein  wonn  dnv*  mwtilne  mth  fnJependent  eonemve  face  smn  m , 

tha  trorm  II  ahovn  hr  the  poctioni  of  the  laraer  ^eui  cut  any  ahavt  the  vomu.  Ai 
•tpwn,  then  an  itm  scar  wheeli  bolted  together  m  paini  th«  two  larger  ooa  ■''■^^'"g 
witb  each  otlm,  and  xae  two  Bualkr  ones  wilb  the  wonns. 


Fw.  5,908. — Reedy  tandem  mma  drive.    Thia  type  differs  enentiany  tnxa  the  linile  w 

jj —  i-  .U-.  ._» 1.: ^  J...  — J  1-/1.  1 — J j^  used  in  place  of  the  siiule  | 

iae  the  pTVsBure  between  t£e  w 
oablo  than  ire  advisable  with 


, .olatypedi 

Inve  in  that  intennahins  ri^ht  and  left  hand  «a 
The  OH  of  the  double  gear  bu  the  advaau 


tiDgle  gear.    The  manntr  in  which  the  gr 
thruat  of  the  wonn  ilwlt,  Uiui  (linuiutii 
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It  is  desixable  that  the  dnxm  in  lifting  the  load  should  revolve  so  as 
to  bring  the  thrust  of  the  end  of  the  worm  shaft  toward  the  bade  end  of 
the  gear  case. 

Drums,  GaMes,  Pulleys,  Gounterweights ^lliese^  devices 

constitute  that  portion  of  the  transmission  that  may  be  caUed 
\he  final  drive. 

On  winding  drum  machines,  the  lifting  and  counterwright 
cables  are  attached  to  the  drum,  which  is  spirally  grooved  with  a 
concave  groove  to  receive  and  guide  the  cables. 

The  lifting  and  counterweight  cables  are  so  attached  to  the 
drum  and  arranged  that,  while  the  lifting  cables  a^  being  wound 
up,  the  counterweight  cables  are  being  tinwotmd,  as  showti  in 
fig,  5,802. 

The  idler  pulley  slides  from  side  to  side  as  the  cables  wind 
on  or  off.  From  the  illustration  it  is  clear,  that  they  alternately 
use  the  same  grooves  in  pairs.  These  grooves  or  scores  as  they 
are  called,  are,  in  the  case  of  the  overhead  type,  so  made,  'that 
they  run  from  the  end  of  the  drum,  toward  the  center  one  grove 
on  each  side. 

Ques.  In  the  case  of  the  overhead  type,  how  are  the 
grooves  or ' '  scores*  *  made  ? 

Ans.  They  are  so  arranged  that  they  run  from  the  ends  of  the 
drum  toward  the  center,  one  groove  on  each  side. 

When  the  engine  is  set  to  one  side  of  the  shaft,  dther  on  a  foundation  or  a 
suitable  frame  on  one  of  the  other  floors  of  the  building,  the  grooves  run  in 

{)airs  side  by  side  from  one  end  of  the  drum  to  the  other  and  are  made  to 
ead  right  hand  or  left  as  the  conditions  require. 

Ques.    How  are  the  counterweights  arranged? 

Ans.  Two  weights  are  used,  as  in  fig.  5,802,  one,  which 
is  attached  to  the  drum  to  offset  a  certain  percentage  of 
the  load  to  be  lifted,  and  another  to  counterbalance  the  car. 
The  latter    weight    travels    in    the    same    rtmways    as    the 
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drum  counterweight,  grooves 
or  channels  being  cast  in  this 
upper  weight  to  allow  the 
supporting  cables  for  the  lower 
weight  to  pass  through.  The 
cables  from  the  upper  or  car 
counterweight  pass  up  the 
shaft  and  over  the  pulleys  set 
at  the  top  of  the  shaft  and 
thence  down  to  the  car. 


How   to    Run   an   Ele- 
vator.— Any  one    who    has 

tried  to  stop  an  elevator  at  a 
floor  will  agree  that  it  cannot 
be  done  without  experience; 
however,  the  following  direc- 
tions as  to  the  proper 
procedure  in  operating  and 
taking  care  of  the  plant 
will  be  found  of  value. 


a.  S.aOfl.— Compeiuating  chains  to 

in  mot!oit  bv  the  changing  lenrth,  and   ^    „        „-,.-.        

betmen  the  top  of  the,  car  hni  its  Dverhead  pulley  ani  ■!»  of  the  counteibalaDC 

luiff  tripfi,  the  weight  of  the  rcp«a  that  ordinarily  would  h&vBtjjbe  counterbalanced  varies 
between  wide  limits.  By  the  use  of  balancinE  chaina  hun^  from  the  bottom  of  the  cat,  tbo 
problem  is  simply  and  effectually  solved,    lliese  chains  do  not  alter  the  total  amount  irf 

rf  the  ear  and  allowed  to  hang  all  the  way  down  the  shaft  ss  at  C.  or  else  two  chain* 
M  And  &,  each  of  equal  weight  Hjtd  about  half  the  length  of  the  chain  C.  may  be  attached 
to  the  bottom  of  the  car  and  fastened  at  the  middle  of  the  shaft  as  shown,  so  that  the? 
inLoa  in  a  loon  in  the  ahaft  snd  travel  up  and  down  with  the  car.  In  either  case  the  totil 
wei^t  of  the  balancing  chain  or  chaini  muat  be  equal  to  the  weight  of  lOpe  to  be  balaocadi 
Thi  chief  objection  to  chains  u  compenaatois  ii  the  bmm. 


3,256  ELEVATORS 


Before  Starting. -^Th&  main  switch  connecting  the  motor  with  the  sui>ply 
circuit  must  be  closed.  This  switch  should  not  be  closed,  however,  until  it  is 
positively  known  that  the  hand  rope,  pilot  wheel ,  lever,  or  switch  of  the  operat- 
mg  device  in  the  car  is  in  its  off  position. 

Starting, — ^In  all  cases  the  car  should  be  started  gradually,  although  in 
order  that  a  reasonable  average  speed  be  maintained  between  floors  the 
acceleration  must  be  rapid. 

In  starting,  considerably  more  power  is  required  than  after  the  car  has  reached  its 
normal  speed,  and  the  more  abrupt  the  start  the  greater  this  abnormal  power  and  the  greater 
the  stress  in  the  various  parts  of  the  equipment. 

Stopping. — ^An  abrupt  stopping  of  the  car  produces  a  severe  stress  on  the 
braking  apparatus .  If  the  stops  be  made  within  the  distance  that  the  operator 
can  see  the  landing  at  which  he  aims ,  the  best  results  will  be  obtained  for  moder- 
ate speed  cars.  This  allows  the  operator  about  eight  feet  in  which  to  bring 
the  car  to  a  stop  from  full  speed.  A  skillful  operator  can  readily  do  this,  but 
an  unskillful  one  may  require  a  much  longer  distance. 

Sudden  Reversal* — On  account  of  the  waste  of  power  and  the  strain  on 
the  apparatus,  it  is  advisable  not  to  suddenly  reverse  the  direction  of  travel 
of  the  car;  also,  to  bring  the  floor  of  the  car  on  a  level  with  the  landing  at  the 
first  stop,  not  run  past  and  then  back  up,  or  stop  too  soon  and  thus  have  to 
start  and  stop  again.  • 

By  giving  attention  to  these  points,  not  only  will  the  i)ower  used,  and  therefore  the 
operatmg  expense  be  reduced,  but  the  useful  life  of  the  motor  starter  contacts  will  be  i>ro- 
longed.  These  contacts  suffer  most  from  the  sparking  and  flashing  produced  by  switching  off 
the  current  when  the  motor  has  just  started  or  while  it  is  running  very  slowly. 

Motor  Starter  Contacts. — These  contacts  should  always  be  kept  smooth 
and  bright.  A  piece  of  fine  sand  paper  rubbed  over  them  is  the  best  means 
of  producing  the  desired  result.  Aiter  sand  papering,  the  loose  particles 
should  be  blown  out  with  a  bellows. 

The  bearings  and  cams  of  the  motor  starter  should  be  kept  clean  and  well 
oiled,  and  if  a  dash  pot  be  provided  to  prevent  the  contact  arm  moving  over 
the  contacts  faster  than  is  necessary  to  secure  the  proper  acceleration  of  the 
motor,  this  should  be  adjusted  so  that  the  arm  will  descend  in  from  five  to 
seven  seconds. 

As  the  retarding  action  of  the  dash  pot  may  be  overcome  by  gravity,  a 
spring,  magnetic  attraction,  or  by  the  motion  imparted  from  the  motor,  the 
shafting,  or  the  elevator  machine,  the  method  of  adjustment  will  depend 
upon  which  form  of  motor  starter  be  used. 

Caution  in  Adjusting. — An  important  point  to  remember  in  connection 
with  the  cleaning,  oiling,  or  adjusting  of  the  motor  starter,  and  in  fact  in  con- 
nection with  the  cleaning,  oiling,  or  adjusting  of  any  parts  of  the  elevator 
equipment,  is  to  open  the  main  switch  connecting  the  motor  to  the  supply 
circuit  before  commencing  these  operations;  this  will  tend  to  prevent  accioents 
of  an  electrical  or  a  mechanical  nature. 


tia.  S31O1— Otic  t  to  I  ovar  mounted  trsction  elevstor  mftchiae.  consisting  eaSBntially  d  • 
skn*  speed  shunt  wound  motor,  a  traction  drivinajiullBj',  and  a  magneliially  rdeand 
cpring  applied  binlH.  Pull  mssnet  control  is  used.  ThemoCorissogDvemedastaprevent 
excessive  sp«d  legsTdless  ol  load.  Automatic  slov  down  neal  the  travel  limits  is  Bccund, 
Btuined  by  two  multi-arm  Bwitcba  IcKated  on  the  car.  one  for  the  up  and  one  for  the 
down   motion.    These  switches  are  operated   by  cama  in  the  shaft  that  open  tb* 

feature  being  independent  Of  the  operstof  in  thfl  car.  ia  effectiva  even  thqush  the  oar 
operating  device  be  left  in  the  full  speed  position.    The  usual  safety  devices  Installed  in 

governors,  wedge  ctamp  safety  devices  for  giippinff  the  rails  in  case  of  the  car  att^us 
excessive  speed,  and  jiressuie  switchefl.  One  «afegnard  resulting  from  the  Brrangement 
and  the  method  of  dnvinff  the  cablo,  is  the  decrease  in  traction  which  follows  the  bottom- 
ing of  either  the  car  or  the  counterweight  on  their  oil  buffers.  This  iDinimiies  the  lifting 
power  of  the  motor,  until  nomial  conditions  are  resumed.  Inasmuch  as  in  any  properly 
constructed  elevator  the  roping  is  so  arranged  that  the  counterweight  will  Test  on  its  oil 
buffer  befoTv  the  car  reaches  the  overhead  work,  or  vice  versa,  it  therefore  will  be  AMD 
that  the  above  mentiosed  decreaje  in  tractive  effort  ia  »  very  valuable  and  efiectivB  aofet] 
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Car  Stops. — If  >  in  the  operation  of  an  elevator,  the  car  stop  for  some  un- 
known reason,  the  operator  should  at  once  shift  his  controlling  device  in  the 
car  to  the  off  position.  If,  then,  upon  shifting  the  controlling  device  again  to 
start,  the  car  refuse  to  move  in  either  direction,  some  one  of  the  foUowing 
occurrences  has  probably  taken  place:  It  may  be  that  the  car  or  counter- 
weight has  met  with  some  obstruction  and  the  slack  cable  device  has  operated; 
that  there  is  a  poor  contact  in  the  switch  or  connections;  that  the  fuse  or 
circuit  breaker  has  opened  the  motor  circuit;  or  that  the  current  has  been 
turned  off  the  supply  wires.  In  any  case,  the  motor  should  be  examined 
before  starting,  to  see  that  no  damage  has  been  done  to  it. 

Car  Stops  Between  Landings, — When  this  happens,  owing  to  SL  failure 
in  supply  of  power,  an  effort  should  be  made  to  have  the  main  switch  opened, 
the  brake  released,  and  the  worm  shaft  turned  either  by  pulling  on  the  bi^e 
pulley  or  with  a  wrench  on  the  end  of  the  armature  shaft  so  as  to  bring  the  car 
to  a  floor  landing  and  allow  the  passengers  to  get  out. 

In  some  elevator  motors,  the  free  end  of  the  armature  shaft  is  ptirposely  made  square 
to  facilitate  turning  the  shaft  with  a  wrench  as  just  mentioned. 

Car  Beyond  Control, — ^If  the  operator  find  he  has  lost  control  of  the  car 
and  cannot  stop  it,  he  should  not  become  frightened  but  allow  it  to  make  the 
full  run,  relying  on  the  limit  stops  to  automatically  bring  the  car  to  a  stand- 
still at  either  end  of  its  travel. 

Limit  Stops, — ^The  operator  should  not  rely  on  the  limit  stops  to  make  a 
top  or  bottom  landing,  but  should  operate  the  controlling  device  in  the  car 
as  he  would  to  make  any  intermediate  landing.  It  is  advisable,  however,  to 
test  the  adjustment  of  the  limit  stops  and  determine  if  they  remain  in  proper 
working  order  by  trying  them  once  daily  by  means  of  the  car. 

Caution  While  Car  is  in  Motion. — ^The  operator  should  never  leave  his 
car  while  it  is  in  motion,  and  he  in  turn  should  never  allow  a  passenger  to 
enter  or  leave  until  the  car  has  stopped  at  a  landing. 

The  majority  of  elevator  accidents  have  resulted  from  carelessness  in  observing  this 
simple  rule,  showing  that  more  attention  should  be  given  it  by  operators  than  heretofore 
has  been  the  custom.  As  the  operator  opens  the  doors  at  a  landing  he  should  call  out  "up" 
or  "down,"  depending  upon  the  direction  in  which  the  car  is  making  the  trip,  and  while  ne 
should  allow  ample  time  for  ]^assengers  to  reach  the  car  from  wherever  they  may  be  standing, 
it  may  be  necessary  in  certam  cases  to  add,  "step  lively,  please." 

Leaving  Car  for  the  Night, — ^When  the  elevator  is  left  for  the  night,  the 
car  should  be  brought  to  the  lowest  landing  and  allowed  to  remain  there .  Care 
must  be  taken  to  open  the  main  switch  connecting  the  motor  to  the  supply 
circuit,  before  leaving  the  premises.  In  fact,  whenever  the  car  is  to  be  left 
idle  for  any  length  of  time,  this  switch  should  be  opened  to  prevent  any  possi- 
bility of  the  motor  starting  up  and  causing  damage. 


CRANES  AND  HOISTS  3,259 


CHAPTER  89 
CSIANES  AND  HOISTS* 


*The  subjects  of  steam  hoists,  pile  drivers,  etc.,  have  been 
treated  at  considerable  length  in  chapters  27  and  28  {Guide 
No.  S)  and  the  matter  here  presented  under  ** Hoists**  is  not 
a  repetition,  but  items  not  covered  in  the  chapters  just 
mentioned. 


By  definition,  a  crane  is  a  machine  for  lifting,  lowering  and 
moving  a  load  in  a  horizontal  direction,  as  distinguished  from  a 
hoist  which  simply  litts  and  lowers  a  load. 

The  numerous  and  diverse  conditions  of  service  require  a 
multiplicity  of  type,  and  accordingly  cranes  may  be  classified: 

1.  With  respect  to  the  motive  power,  as 

a.  Steam. 

b.  Pneumatic. 

c.  Hydraulic. 

d.  Electric. 

2.  With  respect  to  the  character  of  the  horizontal  motion,  as 


/. 


a.  Rotary 


b.  Rectilinear 


swinging  cranes 
jib  cranes 
column  cranes 
pillar  cranes 
pillar  7ib  cranes 
derrick  cranes 
walking  cranes 
locomotive  cranes 

bridge  cranes 
tram  cranes 
traveling  cranes 
gantry  cranes 
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c.  Combinaition  rotary  and  rectilinear. 
In  addition   to  these,   there   axe   some   miscellaneous  types 
known  as 

1.  Sheer  legs. 

2.  Transporters. 

3.  Telphers  {S5iS3.7.t™. 

The  following  definitions  of  the  various  types  show  the  inherent 
features  of  each: 


Pig.  531I- — Northern  hand  power  traveling  crane  designed  for  use  where  semoe  utnfraqueot 
and  wtwte  spesd  is  oat  easentisl.  and  especially  where  low  lint  cmt  is  deiired.  The  cnne 
is  operated  from  the  floor  by  means  of  liand  chains,  but  a  special  form  11  made  tor  platform 

Bridge  cranes. — Having  a  fixed  bri^espanninK  an  opening  and  a  trolley 

moving  across  the  teidge. 

(kttumn  crarteK, — Identical  with  the  jib  eianes,  but  rotating  around  a 
fixed  column  (which  usually  supports  a  floor  above) . 

Derrick  crmtea. — Identical  with  jib  cranes,  except  that  the  bead  of  the 
mast  is  held  in  position  by  guy  rods  or  stiS  legs,  instead  oC  by  attachment 
to  a  roof  or  ceilir^. 

Gantry  cranea. — The  same  as  a  traveUng  crane  except  that  the  bridge 
member  is  supported  on  structural  tegs  of  suitable  height,  which  are  pro- 
vided with  wheels  and  suitable  gearing,  so  that  the  crane  may  be  propelled  ' 
bodily  along  the  tracks  which  are  on  the  ground.  J 

Jib  cranea, — Having  rotation  and  a  trolley  traveling  on  the  jib.  /. 

NOTE.— Drum  eariui  Mafiutie  COntroUar:    Both  hand  and  magnetic  contnl equip-   ' 

[   consist  nmply  of  a  drum  tyi>e  controller  with  a  set  of  eeparata  reeistances.    For  kii^  aiu 
k  motors  too  much  physical  effoit  would  bo  required  to  move  a  coir — " — '" ' 

aatomaticsUy  oonU^llng  tlie  sequence  and  rapidity  with  whici 

master  contzollei  handle  can  be  thronn  to  the  full  speed 'position  ouicldy  without 

overload  on  the  inatOT,.iiQce  the  current  limit  relays  automatkaUy  prevent  tJw 
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Locomotioe  cranet. — Conaisting  of  a  pillar  crane  mounted  on 
and  provided  'with  power  capable  of  propdling  and  rotating  the  ci 
of  hoisting  and  lowering  the  load. 


Rotary  bridge  cranes. — Combining  rotary  and  rectilinear  movements 
and  consisting  c^  a  bridge  pivoted  at  one  end  to  a  central  pier  or  post,  and 
supported  at  the  other  end  on  a  circular  track,  provided  with  a  trolley 
moving  transversely  on  the  bridge. 

Sfoinging  cranet. — Having  rotation,  but  no  trdley  motion. 


ncinudainibaMtolOtci 


Essentials  of  Rotary  Cranes. — In  this  type  of  crane,  the 
construction  is  such  as  will  permit  the  load  to  be  lifted ,  lowered, 
and  moved  radially.  An  example  of  rotary  crane  is  shown  in 
fig.  5,813,  which  illustrates  the  essential  features  of  a  locomotive 
jib  crane. 
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Oues.    What  area  is  served  by  a  locomotive  jib  crane? 

Ans.     It  is  equal  to  twice  the  maximum  radius  of  the  jib, 
and  a  length  depending  on  the  length  of  track  laid . 

Oues.    Wliat  is  the  effective  radius  of  the  jib  ? 

Ans.     Its  projection  on  the  horizontal  plane  passing  through 
the  pivot  on  the  lower  end  of  the  jib. 


Pig.  5,813. — ^Electrical  locomotive  jib  crane.  The  esBeniial  porta  are:  A,  jib;  B^  jib  pivot; 
C,  rope  gear  serving  as  a  brace  for  jib,  and  which  controls  the  radial  position  of  ^ib;  D,  jib 
shifting  dnim;  B,  hoisting  rope  leading  from  hook;  P,  hoisting  drum;  G,  hoistmff  motor; 
H,  framing;  I,  pm:  J,  turning  or  shewing  wheel;  K,  truck;  L,  pinion;  M,  turning  and 
propelling  motor.  As  shown  in  the  figure,  the  hook,  which  engages  the  load*  hanAS  from  the 
end  of  the  jib  A,  which  is  supported  by  the  piece, B,  and  rope  C,  which  leads  to  the  drum  D. 
By  winding  in  or  paying  out  the  rope  C,  the  radius  of  the  lib  in  the  horizontal  plane  can  be 
increased  or  diminished.  The  rope  for  hoisting  the  load  is  brought  over  a  pulley  at  the  head 
of  the  jib  and  led  to  the  drum  P.  Drums  D,  and  P,  are  usually  arranged  to  be  driven  from 
one  motor  G,  clutches  being  so  arranged  that  when  the  motor  is  in  gear  with  the  one  drtun, 
it  is  out  of  gear  with  the  other.  The  pib  and  hoisting  gear  are  carried  by  the  framing  H, 
which  turns  upon  the  pin  I,  the  turning  or  slewing  b^ng  accomplished  by  means  of  the 
wheel  J,  which  is  secured  to  the  platform  of  the  truck  K,  and  pinion  L,  (carried  by  bearings 
in  the  framing  H) ,  which  is  driven  by  the  motor  M .  It  is  usual  for  the  framing  to  be  capable 
of  making  a  complete  circle.  The  motor  M,  is  also  used  to  drive  the  truck  luong  the  rails. 
A  vertical  shaft  driven  from  this  motor  passes  throuj^h  the  pin  I,  and  drives  one  or  both 
of  the  axles  by  means  of  bevel  gear.  Clutches  are  provided  so  that  the  motor  M ,  may  be  used 
for  slewing  or  tra^'eUng.  The  load  is  balanced  by  the  weight  N .  A  foot  plate  for  the  operator 
is  provided  on  the  framing  just  in  front  of  the  balance  weight,  and  the  oontfollers  ana  clutch 
levers  are  within  easy  reach. 
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[GS.  fi^U  Bud  G31S. — RidAwa7  itcsm  hydnulic  o^fiu'er  or  peBr»l  elevator.  BiilEiniv  >teaiii 
hydraulic  balanced  CTHne,  /ncoiufriicflon,  a  vertical  moviog  jib  M.cmrrying  a  Ires  trolley 
T,  i*  mnieiided  by  four  short  and  heavy  chaing.  two  at  c»c3i  end.    The  chaini  fRm  the 


endpuBOvetwbeelaon . 
cyiinder  either  by  bein^r  i 


id  all  (am  chaiiis  sr 


nder  either  l^  beinff  attached  to  it  or  by  pasaiog  aiound  wheetaon  topof  it.    The  piston 
of  the  cytbider  is  hollow.    Its  lower  end  is  lecurBl/faateiwd  to  a  projection  of  the  bottom 

„ ^eon.    The  pauAge  way  of  the  piaton  rod  ii  continued  through  the  gudjEcon  projection. 

and  u  thencs  connected  with  an  inverted  U  ahuied  stuffing  box  which  is  placed  in  the  mast. 
From  thisstilffiog  box  the  pipe  leads  out  thnnign  the  foundation  plate.  By  the  arrangement 
of  the  chains  (see  unall  cut,  fig.  6316,  irtiere  A,  are  the  chains  to  outer  end  of  jib.  fifi. 
chaini  to  inner  end  of  jib,  the  cylinder  always  tends  to  hang  perfectly  plumb,  no  matter  at 
what  point  on  the  jib  the  load  may  be) .  The  chains  being  fastened  to  the  end  of  the  ev^inder, 
the  jib  has  the  same  motion  a*  the  cylinder.    Prom  this  constniction  it  is  seen  that  when  the 

"■•■-ieris  pressed  down,  the--'  '■--"-—•• ,,..._.-„  ^.-: .:™      .,.1. 

EB  used  to  operate  the  ci 
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Ques.  What  is  the  most  economical  position  of  the 
inclined  brace  in  a  jib  crane? 

Ans.  The  position  in  which  the  inclined  brace  intersects  the 
jib  at  a  distance  from  the  n^^t  equal  to  ^/e  of  the  effective  radius 
of  the  jib. 


Essentials  of  Rectilinear  Cranes. — ^This  form  of  crane  differs 
from  the  preceding  type  in  that  the  load  is  moved  linearly 
instead  of  radially.  The  essential  features  of  rectilinear  cranes 
are  shown  in  fig.  5,820,  which  illustrates  a  rectilinear  crane  of 
the  traveling  type. 


Fig.  5,820. — ^Electric  tiaveling  crane.  The  part*  are:  AA .  cross  girders  known  as  the  bridge, 
BB,  end  carriages;  CO,  elevated  track  structure  or  gantries:  D,  hoisting  drum;  E,  hoistmg 
motor;  F,  transverse  propelling  motor;  G,  longitudinal  propelling  motor;  H,  cage  or  operator's 
platform. 

In  construction,  a  pair  of  cross  girder  AA,  known  as  the  bridge,  are 
supported  on  the  end  carriages  6B.  The  wheels  of  the  end  /carriages 
run  on  rails  mounted  on  elevated  structures  or  gantries  CC.  The  purpose 
of  the  crane  is  to  lift,  transport,  and  deposit  loads  anywhere  within  an  area 
a  little  less  than  the  width  between  the  gantries  and  of  a  length  depending 
oa  the  length  of  the  gantries.  Rails  are  laid  on  the  cross  girders  AA,  and 
a  crab  or  trolley  runs  on  these  rails. 

The  trolley  has  two  motions,  each  driven  by  its  own  motor. 

The  hoisting  motion,  for  lifting  and  lowering  the  load,  consists  of  the 
drum  D ,  driven  through  suitable  gearing  by  the  motor  E .  To  traverse  the 
crab  along  the  cross  gurders,  the  motor  F,  drives  one  pair  of  wheel  through 
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gearing.  For  the  purpose  of  traveling  the  crane  along  the  gantry,  the  motor 
G,  is  mounted  at  the  center  of  one  of  the  cross  girders,  and  from  each  end 
of  the  motor,  a  shaft  is  led  to  drive  one  wheel  in  each  of  the  end  carriages. 
The  traveling  motor  is  mounted  at  the  center  of  the  cross  girder  to  obtain 
an  equal  amount  of  twist  in  both  parts  of  the  shafting  so  as  to  avoid  cross 
wind. 

Essentials  of  Combined  Rotary  and  Rectilinear  Cranes. 

— ^A  modification  of  the  traveling  crane,  which  combines  the 
functions  of  the  two  classes,  rotary  and  rectilinear,  consists  in 
pivoting  one  end  of  the  bridge  of  a  traveling  crane  and  sup- 
porting the  other  end  on  a  circular  gantry  as  shown  in  fig.  5,821. 


CIRCULAR  GANTRY 


RADIAL  PROPELUNG  HOTOR 


Pig.  5,821. — ^Electric  combined  rotary  and  rectilinear  crane.  In  conatruetton  most  of  the 
parts  are  identical  with  those  of  fig.  5,820,  and  the  letters  on  these  parts  are  the  same  for 
each,  figure.  This  type  differs  from  fig.  5,820,  in  the  rei>lacement  of  one  gantry  by  a  pivot 
P,  and  the  other  straight  gantry  by  a  circular  gantry  which  may  be  either  an  arc  or  a  com- 
plete circle  as  desired.  One  end  of  the  bridge  is  pivoted  at  P,  and  at  the  other -end,  a  section 
of  the  circular  gantry  is  shown.  The  circular  gantry  may  continue  all  the  way  around  or 
only  for  a  short  arc,  as  may  be  desired.  The  figure  clearly  shows  that  the  rotary  niption  is 
obtained  by  operating  motor  G,  and  the  rectilinear  motion,  by  motor  P,  while  hoisting  and 
lowering  is  effected  by  motor  E. 

The  illustration  shows  that  most  of  the  mechanism  is  identical  with 
that  of  the  traveling  crane. 

Essentials  of  Transporters. — By  definition  a  transporter  is 
a  lifting  and  transporting  machine  designed  to  carry  loads  between 
two  fixed  points.  It  is  used  chiefly  ior  handling  comparatively 
light  loads  at  quick  speeds  and  employed  largely  lor  the  con- 
veyance of  materials  such  as  coal  in  bulk.    For  the  latter  service 
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it  is  provided  with  an  automatic  grab  instead  of  a  hook.    Fig. 
4,221  shows  the  essential  features. 

Ques.    How  long  does  a  complete  cycle  take  In  this  type 
of  apparatus  ? 

Ans.    From  one-half  to  one  minute. 


in  of  the  lope  lifts  the  grab.  When  it  is  heaved  right  up  to  the  carriage,  it  locks  itself  to  it' 
and  at  the  same  time  lets  go  the  trigger.  The  carriage  is  pulled  along  the  beam,  but  as  the 
rope  is  now  single  purchase,  the  carriage  is  pulled  aJong  at  double  the  speed  at  which  the 
load  was  hoisted.  On  arriving  at  the  top  end,  the  carriage  is  held  by  a  triggrer  and  the 
grab  is  freed  from  the  carriage .  The  motor  is  now  reversed ,  and  the  grab ,  after  being  lowered 
a  given  distance,  discharges  its  contents.  The  motor  ia  again  reversed,  thus  hoisting  the 
grab  up  to  the  carriage ,  to  which  it  locks  itself  and  frees  the  trigger.  On  reversing  the  motor, 
the  carriage  runs  down  the  beam,  and  at  the  bottom  end  is  caught  by  the  trigger,  while  the 
grab  is  released  and  continues  to  run  down  till  it  plunges  into  the  material,  thus  completing 
the  cycle. 


Ques.    What  is  the  grab  load  ? 

Ans.     From  one  to  one  and  one-half  tons. 


NOTE. — -Cnme  Motors. — ^Por  driving  the  traveling,  traversing,  and  slewing  motions 
of  crane,  series  wound  motors  of  a  generally  similar  type  to  those  usedf  or  electric  t^'action  give 
satisfactory  results,  this  work  being  in  fact  a  simple  class  of  electric  traction.  The  driving 
of  the  hoisting  motion  presents  a  more  difficult  problem,  for  though  it  is  easy  to  lift  the  load 
up,  it  is  not  always  so  easy  to  get  it  down  again  in  a  satisfactory  manner. 
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Automatic  Electro-ma^ettc  Brakes. — It  is  customary  to 
fit  the  hoisting  motion  with  an  electro-magnetic  brake.  This 
may  consist  of  a  band  brake  vdiich  is  normally  kept  on  by  a 
spring  or  weight  and  released  by  an  ironclad  soleocnd,  or  it 
may  be  a  disc  brake  in  which  the  discs  are  normally  pressed 
together  by  a  spring,  an  electro-magnet  being  provided  to  pull 
bade  the  pressure  plate  and  release  the  discs. 


view  of  Shsw  tvpe  Z  cnna  motor.  Th«  fnmea  m  of  cut  itcal  i^lt 
n  asscmblBil  irini  benrlngs  completeli'  endow  the  unutue.  Tk« 
It  polo  cast  int«nl  with  the  frame  end  »  iheped  that  the  field  colli 
place,    TtiB  bnkt  it  attached  to  the  lower  btS  01  the  fniiM  ao  that 


The  coil  of  the  solenoid  or  electro-magnet  is  ia  circuit  with  the  h . 

motor,  GO  that  when  current  is  switched  on  to  the  rootor,  the  bi^ke  ii 
released,  and  when  it  is  switched  oS,  the  brake  is  applied.  This  makes  an 
excellent  safety  device ,  but  as  it  can  only  be  off  or  full  en ,  it  cannot  be  used 
to  r^ulate  the  descent  of  the  load  when  lowering. 

In  cases  wbcK  the  driver  has  access  to  the  geaf ,  as  in  locomotive  jib 
cranes  and  derricks,  an  addition  may  be  made  to  the  electro-m^:netic 
brake  in  the'form  of  a  hand  or  foot  release  lever,  by  which  the  Drake 
can  be  released  or  its  pressure  regulated.  Loads  are  Uien  hixsted  by  the 
motor,  and  are  allowed  to  run  down  by  their  own  weight,  the  speed  of 
descent  being  regulated  by  the  brake. 

Where  the  driver  operates  the  gear  from  a  distance,  the  arranKemmt 
just  described  is  not  practicable,  and  some  autotnatic  or  electrically  con- 
trolled amngefiient  must  be  used  to  check  the  speed  of  descent  of  the  load. 
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Pioa.  0,S37uid  S,8Z8.— Nils  cnne  constmction:  Blectiio  bnlee.    It  [■  of  the  iroadad  ■atenoi  1 

of  a.  turned  end  bilBDced  wheel.  The  band  n  of  BpecuTmcel  and  lined  vrith  a  renewable 
f rictioix  weariag  Burfaee.  The  broke  is  equallf  eSective  ia  either  directioa,  Th«  bralce  is 
alwayion  when  there  is  no  current  flowina  thioush  this  motor  and  is  alwayi  oS  when  motor 


Pm.  9JIS9.— Hika  cnits  couitructioiu  Mechanical  load  bfaXs.  It  !■  of  the  double  diso  tn* 
with  hard  broms  veuins  Buifaces.  It  is  automatic  in  action  aad  sslf-contained,  aU  thnati 
bdng  takna  up  within  itself.  The  brake  will  not  permit  the  load  to  run  down  unkai  ihc 
mototis  revolved  by  power  in  the  loworing  direction.  The  brake,  together  with  the  intet- 
mediste  steel ^ears.  runs  enclosed  in  a  ca»,  cnaldna  a  self-contained  nnit.  iosurios  perfect 
accembility,  ideal  lubrication  and  nrotoction  from  dust  and  mechanical  injury.  i 
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Automatic  Mechanical  Brake. — A  common  arrangement 
is  the  automatic  mechanical  brake.  The  brake  is  usually  of 
the  disc  type,  and  is  arranged  to  allow  the  gear  to  run  freely 
in  the  direction  of  hoisting,  but  holds  it  from  running  in  the 
opposite  direction,  being  applied  by  a  screw,  or  it  can  be  arrtoged 
to  be  operated  automatically  by  the  load. 


Pigs.  5,830  and  5331. — Shaw  overhead  wharf  crane.  The  handling  of  freight  at  a  marine 
terminal  presents  two  distinct  but  closely  related  problems:  the  loading  and  unloading  of 
ships  and  the  distribution  of  freight  on  the  pier.  The  crane  here  shown  is  designed  for  such 
service  and  travels  on  tracks  earned  above  the  roof  of  the  shed.  The  boom ,  when  in  working 
position,  stands  with  the  outer  end  extending  over  the  ship  and  the  inner  end  projecting 
through  the  doorway  into  the  shed.  The  usual  working  angle  is  24  to  30  degrees  from  the 
horizontal,  but  this  angle  can  be  varied  as  the  height  of  the  boat  and  other  conditions  may 
require.  A  trolley,  comprising  merely  a  light  frame  with  the  necessary  pulleys  and  wheels, 
from  which  the  hoisting  block  hangs,  travels  out  and  in  from  one  end  of  the  boom  to  the 
other.  When  the  crane  is  not  in  service  the  boom  can  be  raised  to  a  nearly  vertical  poei- 
tion,  in  which  position  the  lower  end  is  withdrawn  from  the  shed  and  the  upper  end  is 
xemoved  from  over  the  ship.  The  shed  doors  can  then  be  closed,  the  crane  can  be  moved 
to  another  location,  and  ships  can  sail  or  dock  without  interference  with  the  crane  boom. 
This  crane  is  adapted  especially  to  those  terminals  in  which  a  railroad  track  is  extended 
along  the  edfl:e  ox  the  pier.  Having  no  supi>orts  outside  of  the  railrc^  track,  the  space 
IS  dMr.  so  that  long  material,  such  as  poles^  railroad  rails  and  structural  steel,  can  be 
handled  between  ships  and  cars  without  swivehng.  The  shed  should  have  a  height  sufficient 
to  give  clearance  for  handling  freight  over  the  sides  of  the  largest  diips  entering  the  port  when 
floating  light  at  high  tide  or  river  stage.  A  capacity  of  6,000  fKMuids  is  considered  suitablo 
Cor  most  terminals,  but  this,  as  wdl  aa  other  details,  can  be  variod  to  suit  local  conditiooa* 
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The  brake  is  released  by  running  the  motor  in  the  direction 
for  lowering.  As  the  motor  releases  the  brake,  the  load  tends 
to  put  it  on  again;  consequently  the  speed  of  descent  depends 
upon  the  speed  of  the  motor,  and  this  can,  of  course,  be  regulated 
by  the  driver  by  means  of  the  controller. 

Eddy  Current  Brake. — ^This  type  of  brake  is  only  used  to 
a  limited  extent.  It  consists  of  a  wheel,  generally  qf  copper  or 
other  metal  of  low  electrical  resistance,  which  is  arranged  to 
rotate  between  the  poles  of  an  electromagnet.  The  wheel  is 
driven  by  the  descending  load,  and  eddy  currents  are  generated 
in  it,  which  give  rise  to  a  retarding  torque.  The  eddy  currents 
and  the  consequent  torque  are  regtdated  by  var3ring  the  strength 
of  the  magnet  by  means  of  a  regulating  switch  and  resistance. 

Rheostatic  Brake. — ^Por  this  form  of  braking,  the  controller 
is  provided  with  several  positions  on  the  lowering  side,  called 
brake  points.  In  these  positions  the  controller  alters  the  con- 
nections of  the  motor  to  those  of  a  series  dynamo,  so  that  it 
generates  current  when  driven  by  the  descending  load,  the 
energy  being  absorbed  by  the  controller  resistance.  The  speed 
of  lowering  is  regulated  by  varying  the  resistance. 

# 

Regenerative  ControL^ — Instead  of  a  series  motor,  a  shimt 
wound  motor  may  be  used  to  drive  the  hoisting  motion.  A 
shunt  motor  has  the  advantage  that  its  speed  can  be  efl&ciently 
regulated  over  a  fairly  wide  range  oy  inserting  resistance  in  its 
field  circuit.  By  this  means  considerable  variation  of  speed  in 
lifting  and  lowering  may  be  obtained  without  the  necessity  of 
having  variable  speed  gear  in  the  hoisting  train,  and  when 
lowering,  the  shimt  motor,  if  overhauled  by  a  load,  beconaes  a 
dvnamo  and  feeds  current  back  to  the  circuit,  thus  automatically 
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controlling  the  speed  of  lowering.    This  system  has  been  in  use 
to  a  limited  extent  for  some  years. 

Collector  Gear. — To  convey  current  from  the  mains  to  the 
moving  crane  a  collector  gear,  generally  similar  to  that  tised  for 
electric  tramway  work,  is  employed.  For  overhead  cranes  copper 
wires  about  one-quarter  to  three-eighths  inches  diameter  are 
jStretched  along  the  gantry,  being  supported  at  the  ends  by 
globe  strain  insulators.  Trolley  wheels  or  slides,  mounted  on 
the  end  carriage,  make  contact  with  these  wires. 

From  trolley  wheels  or  slides,  insulated  cables  are  led  to  the  switches 
and  controllers,  and  to  another  set  of  trolley  wires  on  the  cross  girders. 
Contact  with  these  wires  are  made  by  sliders  or  trolley  wheels  on  the 
crab,  from  which  cables  are  led  to  the  motors. 

For  locomotive  jib  cranes  overhead  or  tmdergroimd  collector  gear  is 
used  similar  to  that  used  for  tramway  cars.  As  derrick  cranes  only 
swin^  backwards  and  forwards  through  a  portion  of  a  circle,  collector 
gear  is  not  necessary.  Connection  from  the  supply  mains  to  the  moving 
part  of  the  crane  can  be  satisfactorily  made  by  means  of  flexible  armoured 
cable. 

Controllers. — The  class  of  controller  most  commonly  used 
for  crane  work  is  that  known  as  the  drum,  or  tramway  type. 
In  these  controllers  the  wires  and  cables  are  brought  to  a  series 
of  fixed  contact,  ustkally  arranged  in  a  straight  line.  A  series 
of  corresponding  contact  are  attached  to  a  revolving  drum, 
the  various  combinations  of  connection  for  hoisting,  lowering, 
etc. ,  being  obtained  by  rotating  this  drum  into  different  positions . 

Power  Required  to  Drive  Cranes. — The  power  required 
to  drive  the  different  parts  of  a  crane  is  determined  by  allowing 
a  certain  friction  percentage  over  the  power  required  to  move  the 
dead  load.  On  hoist  motions  333^  per  cent  is  allowed  for  friction 
of  the  moving  parts,  thus  giving  a  motor  one-third  greater  capac- 
ity than  if  friction  were  neglected. 

.  Pot  a  brid)3:e  and  trolly  motions,  a  journal  of  friction  of  the  track  wheel 
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axles  of  10  per  cent,  of  the  total  weight  of  the  crane  and  load  is  allowed. 
There  is  then  added  an  allowance  of  33H  per  cent,  of  the  horse  power 
required  to  drive  the  crane  and  load  plus  the  track  wheel  axle  friction  to 
cover  friction  of  the  gearing. 

Derricks. — By  definition  a  derrick  is  an  apparatus  Jor  lijting 
and  moving  heavy  weights.    It  is  similar  to  the  crane,  but  differs 


Fig.  5,832. — ^Terry  standard  guy  derrick  with  bull  wheel  and  swinging  gear.  In  conttruetion, 
all  the  fittings  except  the  foot  irons  and  sheaves  are  made  of  lorgings  or  structural  shapes. 
The  foot  block  and  mast  slip  are  made  with  a  ball  and  socket  universal  joint.  Uneven  setting 
or  a  settling  of  the  derrick  supports  cannot  make  this  joint  pinch  or  retard  the  swinging  of  the 
boom.  A  back  lock  makes  it  impossible  for  the  mast  to  be  lifted  clear  of  the  step.  The 
spider  is  made  of  buckeled  plates .  The  regular  set  of  iron  for  a  guy  derrick  includes  tne  mast 
head  block,  two  sheaves  in  the  foot  block,  one  sheave  in  the  mast  step,  and  one  sheave  in  the 
boom  end. 


from  it  in  having  the  boom,  which  corresponds  to  the  jib  of  the 
crane,  pivoted  at  the  lower  end  so  that  it  may  take  different 
inclinations  from  the  perpendicular. 
The  weight  is  suspended  from  the  end  of  the  boom  by  ropea  or 
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Fig.  5,833. — Teny  standard  stiff  leg  derrick  with  bull  head  and  swinging  gear.  This  type 
derrick  has,  as  its  name  implies,  rigid  timbers  or  "legs"  in  place  of  guys,  tn  conatruetwn, 
the  goose  neck  irons  for  the  stin  legs  are  made  very  heavy  at  the  bend  and  bent  close  in  to 
the  mast  top.  The  back  or  stiff  leg  connections  to  the  sills  allow  the  stiff  legs  to  be  set  at 
any  angle.  They  require  no  framing.  When  it  is  desired  to  rig  these  derriclra  with  the  fall 
line  down  the  boom,  one  of  the  mast  top  sheaves  is  put  in  the  mast  step.  The  length  of  the 
boom  should  be  approximately  l}^  times  the  length  of  the  mast. 


NOTE. — Power  reqwUred  tint  trtweling  crane»  and  hoUtM.  Ulrich  Peters,  in  Machinery 
November,  1907,  develops  a  senes  of  formulae  for  the  power  required  to  hoist  and  to  move 
trolleys  on  cranes.  The  following  is  a  brief  abstract.  Resistance  to  be  overdome  in  moving 
a  trolley  or  crane  bridge.  Pi  — roUing  friction  of  troUey  wheels,^  Pj  -> journal  friction  of  wheels 
or  axles,  Pi=inertia  of  trolley  and  load.    P»stmi  of  these  resistances  » 

(Pi+F,d        V    \ 
1 I  in  which  T=  weight  of  trolley,  L-load.  Pi-coeffi- 
D         l,932t/ 

cient  of  rolling  friction,  about  .002  (.001  to  .003  for  cast  iron  on  steel);  Ps  ^coefficient  of  journal 
friction, ».l  for  starting  and  .01  for  running,  assuming  a  load  on  brasses  of  1,000  to  3,000 
pounds  x>er  square  inch;  (F^  is  more  apt  te  be  .05  unless  the  lubrication  be  perfect);  d  » diam- 
eter of  journal;  D  sdiameter  of  wheels;  V»  trolley  speed  in  feet  x>er  minute;  t^time  in  seconds 
in  which  the  trolley  under  full  load  is  required  to  come  to  the  maximum  speed.  Horse  power  = 
sum  of  resistances  Xspeed,  feet  per  minute  ^33 ,000.  Force  required  for  hoisting  and  lowering: 
Fh  ^actual  hoisting  force,  Ff  ^theoretical  force  or  pull,  L  »load,  V  "speed  in  feet  per  minute 
of  the  rope  or  cham,  c^hoisting  speed  of  the  load  L,  c-r-V" transmission  ratio  of  the  hoist, 
e •■efficiency  =Ph-^P*.  Theactual  work  to  raise  the  load  per  minute— FhV=Lc«F®V-^e. 
The  efficiency  e  is  the  product  of  the  efficiencies  of  all  the  several  parts  of  the  hoisting  mechan- 
ism, such  as  pulleys,  windlass,  gearing,  etc.  Methods  of  calcujating  these  efficiencies,  with 
examples,  are  given  at  length  in  the  original  paper  by  Mr.  Peters. 
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chains  that  pass  through 
a  block  at  the  end  of  the 
boom  and  thence  direct- 
ly to  the  crab,  a  winding 
apparatus  or  motor  at 
the  foot  of  the  post. 
Another  rope  connects 
the  top  of  the  boom 
with  a  block  at  the  top 
of  the  post,  and  thence 
passes  to  the  motor 
below. 

The  motions  of  the 
derrick  are: 

1.  A  direct  lift. 

2.  A  circular  motion 
around  the  axis  of  the 
post. 

.  3.  A  radial  motion 
within  the  circle  describ- 
ed by  the  point  of  the 
boom. 


On  shipboard  a  derrick 
is  a  spar  raised  on  end, 
with  the  head  steadied  by 
guys  and  the  heel  by  lash- 
m^  and  having  heavy 
weights.  The  accx)mpan3r- 
ing  illustrations  show  vari- 
ous types  of  derrick  in 
general  use. 
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6.— Derrick  fitUngi:  t,  fool  block  mml  mm  _.  , __. 

1  •oclcBt joint.  ThereBietwosbuvMinthefcxitbkickkiiuuiiE 
in  the  mast  step  is  not  required  for  otilT  Icb  derricla.  Specjal 
re  rsquired  for  hindUag  dun  iheU  oc  orange  peeL  buckets  and 


n.  EhacUn,  b*ck  pUts  u 
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Fros.  6  839  and  5.840.— D«ru:k  fitting*:  3.  boom  mi  f or  gtfund  nurk  uid  aOfln 


d  5.842. — Derrick  Rttings:  1.  booM  idlir  for  su^  derricia  and  boom  ind  tot  ope 
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Hoists. — For  lifting  heavy  pieces  in  machine  shops  and  various 
other  industrial  plants,  various  foims  of  hoist  are  used.  These 
may  be  classified 

1.  With  respect  to  the  power  employed,  as 

a.  Hand. 

b.  Pneumatic. 

c.  Electric,  etc. 


Pic.  S,S4S. — Demcic  fittinn:  6,  Terry  all  steel  bull  wheel 
msde  in  halves  and  may  be  ctmvenieDUy  erected  niChout  unatepping  the  ma 
a  heavy  angle  iron  with  the  vertical  leg  rolled  with  an  appredaWe  outw 
eliminates  any  tendency  tor  the  line  to  climb.  An  iDTerted  movable  Ecctio 
placed  under  Che  ^-~        *"""'" 


2.  With  respect  to  the  lifting  medium. 


S.  With  respect  to  the  fona  of  gearing,  as 


a.  Pulley  (block  and  fall). 
(.  Differential. 
e.  Spur  geared. 
d.  DiSerential. 
«.  Worm. 
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19  the  governor  valve.  bII  the  lEeam  which  puia  throuah 

-  .....■-J J  .V.  >..j  :.  ,1. i..j  Bt_tho  s^wd  ec 

lor  ^iveV  by  ihuttilig  off  1 
leloa'l 


t  h«  opening  of  the  stop  valve  B .    When  the  load  reachf^  the  required  pouti< 
roimli^clcsnd  the  governor  valve,  by  ihuttingoffthe  Eteam,  slow)  down  t 

._  _ _  „ d  >lowly  to 

I  lever  B,  has  been  set  to  suit  the  load  am 


ne_.   Then,  bj-easinaupQnthelever.thebralMallowatheloadtobe  lowered  at  anjTBpeed 


desired,  the  ensins  meanwhile  running  ahead  alowly  to  avoid  dead  o 


any  lever  eii^ept  A,  for  the  operation  of  hoisting,  atopping  and  lonering.    Jn /•>■(  Aola(ln#. 

twwever,  evea  though  the  load  and  the  speed  de&ired  be  uniform,  it  isadviuble  to  regulate 
vith  the  lever  B.  iniuch  way  bi  to  start  slowly  until  the  load  b  clear,  then  open  up  for  fut 
■peed  and  slow  down  again  before  throwing  on  the  brake.    The  overhauling  atUchnient  ii 

drum  of  thelargerEiied  winches.  'With  the  smaller  winches,  this  attachment  ii  not  neiH- 
nry,  as  th*  engineer  can  easily  start  the  drum  back  by  a  push  on  the  drum  or  a  [mil  on  the 
[Ope.  The  drumi  of  the  Urge  winches  are  so  situated  that  the  engineer  has  no  chance  to  pull 
the  rop«,  and  the  heavy  drum  Tequires  considerable  effort  to  start  it  backward.  For  this 
reason,  this  device  ii  fitted.  With  the  lever  A,  in  the  central  position  tor  lowering,  the  over- 
hauling attachment  is  operated  by  a  toot  lever  D.  The  prrasure  of  the  engineer'a  foot  oo 
lever  D.  brings  tbe  overhauling  gear  into  contact  and  reverses  the  drum.  Removal  of  the 
pressure  from  lever  D,  throws  the  overhaulin^g  gear  nut  of  contact  and  leavoa  the  machine  in 
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The  hand  operated  types  in  general  use  are  known  as  block 
and  fall,  and  chain  hoists.  The  common  types  of  power  operated 
hoists  are  driven  either  by  an  electric  motor  or  a  pneiunatic  motor, 

In  the  operation  of  the  so  called  air  hoists,  the  load  13  lifted  by 


Pic.  S3*7,— Ctab  winch,  or  hgnd  windUaa.  The  machino  Bhown  is  fitted  with  k  brake  for 
lowerina;  a  latch.  Bern  near  the  further  frame,  hoida  the  pinion  or  cnnk  shaft  in  gear. 
'When  desiring  to  lower,  the  load  is  held  on  the  bcske.  the  latch  lifted,  iiinion  shaft  thrust 
to  the  Tight  out  of  sear  and  loclced,  the  load  being  lowered  on  the  bralia  without  the  handlei 
revolving.    When  using  a  winch  of  this  description  for  wire  rope,  the  barrel  or  drum  ahouU' 

be  at  least  twenty  times  the  diameter  of  the  rope:  this  is  • '  "■-  '-"-'    ■•     ■ 

being  bioken  by  passing  through  too  sharp  an  angle. 


the  direct  application  of  air  pressure  in  a  cylinder  containing  a 
piston  that  is  attached  to  the  lifting  member  of  the  hoist. 

The  worm  hoist  shown  in  fig.  5,848,  although  less  effident 
than  a  properly  designed  block  of  the  spur  gear  type,  has  the 


J 
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advantage  of  lower  first  cost,  and  of  very  smooth  action,  both 
in  hoisting  and  in  lowering. 

The  diflferential  hoist,  whose  principle  is  shown  in  figs.  5,849 
and  5,850,  was  invented  in  1854  by  Thomas  A.  Weston.  It  is 
comparatively  inexpensive  and  very  simple  in  construction. 

ENDLESS  HAND  CHAIN 


WORM 


&E.ARINO 


P  DRIVE 

^     •  PULLEY 


WORM 
WHECL 


IFTIN© 
CHAIN 


GAD 


Fig.  5,848. — ^Ekmentanr  worm  gear  hoist.  The  hand  chain  A,  is  used  for  rotating  the  drive 
pulley  B ,  which  is  connected  to  the  worm  by  a  shaft.  The  worm  meshes  with  the  worm  wheel 
£ ,  whose  shaft  is  attached  to  the  pulley  P ,  over  which  passes  the  lif  tinfi^  chain  G .  The  puUey 
P»  has  pockets  for  receiving  the  chain  links  so  that  the  chain  cannot  shp  inlifting  the  load  H. 

There  are  three  kinds  of  air  hoist: 

1.  Single  acting. 

2.  Balanced. 

3.  Double  acting. 

These  consist  essentially  of  a  cylinder,  piston,  piston  rod  through  which 
the  lifting  force  is  transmitted  to  the  load,  and  control  mechanism.  In 
the  single  acting  type,  as  shown  in  figs.  5,852  and  5,853,  compressed  air 
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Tigs.  5.S49  and  G.SfiO. 
It  conilita  o/two  dr 

Bnd  tiaviog  the  ends  t 


„.-^ lohed  to  thu 

ik  the  cablB  wUl  simulUneously  nnwind  on  anti  drum  and  wLnd  oi 

mhowstha  beginning  oltbutif ting  opentioa.   Aithe  crank  il  turned  cl.  _ 

™.n  .-^A  ,„,-„;„A.  ,^  A   ""'-■'■— B.isUiserindiameter.thelenathoIcablsbeti 
ken  up,  thia  lifting  thB load,    Evidenlly  bT  — 


.  -  druini  and  load  is  msdutHy  ta 

il!Ferenc«  in  diameter  of  the  two  drums  very  small  an  extremely  large  leverage  is  obt&i 
iry  heavy  weight*  to  bo  lifted  with  little  eHort.    The  load  wiQ  remain  i 

. — .    I ■'■' diferoHt  inllie  diammr  of  Uif  tvo  drxml  ■    ' 

rig.  4,850  shows  the  end  of  the  lifting  oi 


thus 


t.  becouH  Ih 


Pic.  6.851,— Eastern  single  ihaft  friction  hoisting  machine  [capacity  750  lbs.,  direct  pulll. 
n,ca«fa(s  of  a  Einele  shaft  lupported  in  a  sutaUntiai  iron  Irame.    On  this  shaft  u  the 

piovii^d  around  the  drum  head  for  holding  the  load  at  any  point.  These  machines  are 
usually  ananged  to  hang  on  a  ceiling  but  may  be  made  to  stand  on  the  floor.  Driving  pulley 
is^Zi  inches  diameter  by  6  inches  face.  Drum  is  6  inches  diameter  by  10  inches  longinude 
flanges.     The  iron  frame  occupies  a  space  5  feet  long  by  3  feet  wide. 
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is  admitted  to  the  stufBug 
box  side  c^  the  piston  only, 
and,  when  lowering  the 
hoist  this  air  is  exhausted. 
During  the  exhaust  stroke 
an  opening  to  atmosphere 
prevents  a  partial  vacutun 
forming  on  the  other  side 
c£  the  piston. 

The  balanced  ^pe  oi 
air  hoist,  shown  in  figs. 
5,854  and  fi,855,  is  so  ar- 
ranged that  there  is  full 
air  pressure  on  the  stufGng 
box  side  of  the  piston  at 
all  times.  The  load  is 
hoisted  by  exhausting  air 
from  the  space  above  the 
piston,  and  is  lowered  by 
admitting  air  above  the 
piston,  the  unbalanced 
area  due  to  the  space 
occupied  by  the  piston 
rod  aids  in  forcing  the 
piston  downward.  The 
advantage  of  such  ar- 
rangement is  accuracy  of 
control. 

In  the  double  acting  air 
hoist,  as  shown  in  figs. 
5,856  and  5,857,  air  may 
be  admitted  to  or  ex- 
hausted from  either  side 
of  the  piston,  admisdon 
and  cjdiaust  occurring 
simultaneously  from  oppo- 
site rides  of  the  piston, 
adapting  the  hoist  to 
service  where  both  pushing 
and    pulling    effects    are 

Figs.  S.852  and  8.853.— Elementary  single  actaa  air  hoiit.  When  the  control  vnlye  ii  in 
MBidoa.fif-5.853,compnBsodaireriten  the  cyluder  and  raisea  the  load;  when  in  poeitiDQ. 
ng.  G, 853(11  escapca  thnnigh  the  exhauet  poet  and  the  load  descEnds.  The  vent  ui  the  Cop 
Ql  the  cylinder  preventi  excess  pmtmv  or  formation  of  a  vaeuuni  in  the  upjmt  end  of  the 
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Pigs.  E.SMand  B.SGG. — EtementBry  balanced  air  lioiit.  Inoptrattort.  compressed  ail  at  full 
pttssan  u  at  all  times  admitted  to  the  lovvT  ead  of  the  cyliader.  When  the  control  v^ve  ia 
in  posttioD.  fis.  6,SS4,  air  i*  »hauited  from  thu  upper  end  end  the  Eicess  pressure  on  the 
lovrernde  of  the  piston  raises  the  load.  When  the  valve  ia  tuned  to  position,  fig.  fi, SKA.  the 
pnesure  is  equahzed  on  both  sides  the  pistoa.  but  the  effective  area  on  the  upper  aide  ia 
slightly  greater  than  oa  the  lower  aidn  became  of  the  area  rendered  inactive  by  the  piston 
rod,  hence  the  force  or  ttMal  pressure  tending  to  puah  the  piston  downward  ia  greater  than 
thattendingto  push  itup  and  the  load  descends. 


Figs.  5.3M 


5,3SO  and  6,3£7.-^Blementa[y  double  acting  hoist.  In  marallorx,  when  the  control 
feia  in  lifting  position,  fia.  5.868,  compressed  air  enters  the  lower  end  of  the  cylinder  and 
auatA  from^the  upper  end:  when  in  the  lowering  position,  fig.  &,857,  the  opposite  air  dit- 
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Combination  of  Pulleys. — For  lifting  heavy  weights  recourse 
is  bad  to  the  mechanical  power  known  as  ih*  pulley,  consisting 
in  its  simplest  form  of  a  grooved  wheel  rotating  on  an  axis.  The 
mere  passing  of  a  rope  over  one  fixed  pulley  for  hoisting  a  weight 
does  not  give  any  increase  of  power,  the  force  necessary  to  sus- 
tain the  weight  being  equal  to  the  latter,  plus  friction  of  the 
rope,  etc. 


FlGa.fi,S«to6,8e6.— Siutchbloda,  PuUey 
■uidfl  polleyf,  for  a  block  tail ''  ~  "~""~  -^  -  - 
Bndinth&tconi 


:li9  have  frequently 

__  save  this  trouble,  part  of  me  cl 

fjint.fonaiiii  a  snatch  block,  three  ty^sotvhiz 


snatch  Mock  is  sliQwn  in  fig.  S  ,86" 
on  a  wedge  and  fastened  by  a  sp] 
__j..- .., —    id  loddna 


a  the  pu 

aight  line; 
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\  The  gain  consiets  altogether  in  nmre 
I  convenient  application  of  the  power 
exerted,  as  it  is  easier  to  haul  down- 
ward on  a  puU  of  100  lbs.  than  to  lift 
100  lbs.  directly  from  the  ground. 
This  may  be  termed  mechaniaU  adwai' 
tage  as  apart  from  midtipUcation  0} 

When,  however,  one  end  of  the  rope 
is  fixed,  passes  under  the  sii^le  pulley 
to  which  the  weight  is  attacned,  and 
the  free  end  is  lifted,  the  travel  of  the 
rope  or  cord  is  double  that  of  the 
weight,  and  the  power  necessary  to 
sustain  the  latter  is  half  the  weight  plus 
friction.  It  may  be  stated  in  the  re- 
versed proportion,  that  with  a  mtmMe 
pulley  the  weight  capable  of  being 
lifted  is  tmke  the  force  applied  minus 
the  friction  of  the  apparatus. 

Combinations  of  pulleys  are  arranged 
with  several  sheaves  in  one  case,  to 
form  a  block  to  secure  this  multipli- 
&tion  of  power.  The  upper  or  fixed 
block  gives  the  mechanitsi  advantage 
of  application,  and  the  loner  or 
movable  block,  by  multiplying  the 
travel  of  the  rope  as  compiu^   with 

Flc.  6,867.— DiSenntiBlhout.     It  depend!  for 


fcocf  IK  by  thd  other.    In  othtr  aorttm.  the 

nialler  Bheave  tends  to  lower  the  weight  while 
the  lirnrone  raiteiit,  the  total  lift  eqiuilios 
the  difierence  of  circumference  of  tha  two 

ate  IE  BprodtBt  t«eth  in  the  larger  ■heaTa  aod 
23  in  the  HnaUeT,  the  velocity  of  haul  •■  amr 

pand  with  that  of  tbe  lift  will  be  J^ 

or  £S  to  1  coniequently  a  pull  of  SO  tba,  win 
lift  t  ton  of  3,000  Ibi.  Tlus  ityle  of  block  ii 
fitted  with  an  cndleu  chain,  which  obviates 
a  serious  objectioa  to  the  principle  of  the 
differential  windlaEa.  namely,  the  Breat 
length  ot  rope  reouired  if  the  di^Iacement  of 
the  object  moved  ii  to  be  very  large. 


id  tackle.    Thearro^ 


CRANES  AND  HOISTS 


that  d  the  weight,  increases  the  power  in  proportionate  ratio.    Each  i 

able  pulley  halviiw  the  power  necessary,  with  two  sheaves  the  force  » 

sary  is  one-half  of  one-half,  or  one-quarter.    Briefly,  the  weight  capable 


—  -^  u  rotated  the  nnion  A,  u  also  rotatol  and  tiaiuniita  iu  motion  thisuah  tir 

medute  gean  B  und  C,  at  two  pointa  »lw«yB  diamotricall/  opposite  each  other,  Pioioni 
^ed  to  gean  B  and  C.  Biuaun  an  internal  Biar  D.  which  acta  aa  a  (alcnim  and  ouiea  the 
pinun  case  £,  to  Tevol\Fe.^^  pinion  cMe  a  keyed  to  the  abeave  F,  which  carriei  tbe  k«d 
Cham  of  the  heist.  The  load  is  held  at  anr  pven  pmnC  and  ths  bcitt  nevenled  lowering  untit 
ths  hand  wheel  is  turned  in  tlw  opposite  direction,  by  ft  friction  brake  and  ratchet  mechao- 
um.  Motion  from  the  band  wheel  is  tnaumitted  through  friction  discs  to  a  hub  which 
drives  the  pinion  A.  The  hand  whsel  ia  screwed  onto  a  threaded  exteasiiKi  of  the  bub,  and 
utenxieed  betareen  these  two  psrta  is  a  ratchet  disc.  These  disci,  one  of  leather  and  tbe 
otberofgalvaniiedinin,  are  placed  in  contact  with  the  ^deaoE  tbe  ratchet  disc,  andtbedif' 
letvnt^mions  relefred  ta  are  so  arranged  that ,  when  tbe  band  wheel  is  rotated  in  tbe  d  irection 
for  banting,  it  ii  icrawed  onto  the  hub,  hence  tha  ratchet  disc  is  gripped  between  the  hand 
wheal  and  liub  ao  that  all  tha  parts  nitate  together  and  motion  is  transmitted  to  tbe  driving 
IHoion  A.  Whenever  the  downward  pull  on  tia  hand  chain  is  discontinued,  the  load  is  pre- 
vented lowering  by  a  pavl  which  eneagee  tbe  ratchet  disc.  When  it  is  desired  to  lower  the 
load,  the  bsnd  wheel  is  puUed  around  in  the  opposite  direction,  whiclmnsereweit  somewhat, 
thus  releanng  the  friction  niechanism,  which  permits  the  hub  to  revolve,  OS  tbe  resnlt  of  tha 
force  of  the  sustained  load  which  is  transmitted  through  the  Eystem  of  Eearing  and  causes  pin- 
ion A,  to  rotate.  This  rotating  of  the  pinion  and  the  hub  on  which  the  hand  wheal  is  senwed 
causes  tbe  hub  to  tighten  quickly,  piovidod  the  rotary  movement  for  lowerina  is  discon- 
tinued. There  is  a  continuous  slippage  between  the  friction  surfaces  as  long  as  tWhand  wfaeel 
ia  rotated  in  the  reverse  direction.  As  soon  utbisrgtatian  is  stopped,  the  downward  move- 
ment of  the  load  is  stopped. 
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as  it  is  tenned.  The  thin  cord  shovn  inaoipu- 
lates  a  patent  brake,  seen  in  th«  npper  block, 
which  k>ckB  the  rope  should  it  be  desiied  to  sus- 
pend the  object  Ufted, 

It  will  be  evident,  upon  conaderation,  that  no 
two  sheaves  travel  at  the  same  velocity,  on  ac- 
count of  the  vandng  speed  of  the  different  parts 
of  the  rope.  It  U  ther^ore  requisite  that  the 
sheoMS  be  itidtptudeiU  of  each  other,  revolving 
loosely  upon  a  qnsdle  &Nd  ia  the  shell  or  frame 
(tftbeUock. 


A  basal  factor  of  all  mechanical  powers  is, 
that  Khateter  is  lost  i»  time  is  gqined  in  power,  or 
the  reverse.  It  has  been  seen  that  with  the 
weight  travelii^  half  as  fast  as  the  rope,  double 
the  weight  could  be  lifted  with  the  same  force, 
or  a  force  of  only  half  the  weight  n 
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Chains, — ^These  are  made  of  round  bar  iron  or  steel  forged 
into  links,  by  bending  to  shape  and  welding. 

The  stud  is  a  distance  piece,  usually  of  cast  steel,  which  serves 

to  strengthen  the  link;  it  is  used  on  the  larger  sizes  alone  and 

permits  a  longer  link.    Most  chains  for  heavy  stresses  are  naade 

this  way. 

Fig.  5,880  shows  a  dose  link  chain  slin^:,  having  a  large  open  dsxnilar 
link  m  which  the  hook  engages.    A  length  of  stud  chaiais  illustrated  in 


Tigs.  6,882  to  6,888. — Various  shngs  and  tongs  or  grapples,  sliowing  types  most  freqnentiy 
used.  The  number  of  chains,  ntunber  and  shape  ot  hooks,  etc.,  may  be  varied  to  meet  oon- 
ditions.    ^    . 

fig.  5,881,  and  is  noteworthy  on  account  of  the  swivel  in  the  middle  ol  its 
length,  permitting  rotary  motion  without  fouling  the  chain. 

Tumbuckles  are  generally  used  to  strain  both  chains  and  ropes 
taut,  fig.  6,879  being  what  is  termed  a  hook  and  eye  tumbuckle 
adapted  for  tightening  the  shrouds  or  guys  of  a  flagstaflE  post  or 
derrick.  Fig.  6,878  is  an  ordinary  type  of  tumbuckle,  sometimes 
known  as  a  stretching  screw,  provided  with  right  and  left  hand 
threads  to  tauten  stays,  etc.  i 

A  chain  or  cable  shackle  as  seen  in  fig.  6,886,  is  used  for  con- 
necting lengths,  usually  15  fathoms,  of  a  cable;   the  bolt  has  a 
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ccmntersiinlc  head  and  is  locked  by  a  wooden  or  brass  taper  pin, 
as  iron  would  rust  in.  Fig.  6,877  (8)  represents  the  common 
anchor  shackle,  in  which  the  pin  is  attached  by  a  cotter  or  fore 
lock;  this  type  is  occasionally  termed  clems. 


Chains,  both  stud  and  close  link,  should  be  obtained  from  reliable 
sources.  In  view  of  possible  deterioration  and  the  severe  strains  to  which 
they  are  subjected,  crane  chain  dings,  etc.,  should  not  be  worked  above  a 
safe  load. 


Pro .  G  ,889 . — Northern  Awr  con- 
tmlled  electtki  two  motoi 
trolley  hoist.    It  ia  adopted 


plant!  requiring  unusual 
^leedi.  control  and  lift!.  This 
la  A    very  heavy   boiat  for 

f  iim{^ied  comli^ed  wilh  the 
trolley.  It  can  bo  modified 
aa  to  lifts  speed*  and  motor 
Buea  and  can  be  readily 
adapted  to  a  wide  range  of 


binatioo  with  motor  brakes 
are  fumuhed.  A  limit  stop 
for  hook  is  provided. 


Crane  chains  require  to  be  taken  oS  twice  a  year  and  annealed;  that  is, 
placed  in  a  muffle  or  reverberatory  furnace,  brought  slowly  to  a  red  heat, 
and  cooled  off  gradually,  covered  the  while  with  ashes  or  sand  to  exclude 
the  air.  This  process  is  rendered  necessary  on  account  of  the  crystallization 
or  alteration  of  fibre  set  up  in  the  metal  by  the  constant  jar  and  reversal 
of  strain.    Broken  crane  chains  often  exhibit  a  granular  fracture  like  cast 
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Running  chains  should  be  lubricated  with  bladdead  (graphite)  mixed 
with  tallow,  and  care  should  be  taken  to  arrange  all  leads  so  that  no  "nips" 
should  occur,  as  these  are  very  destructive  and  shorten  the  life  of  the  chain 
considerably. 

A  supply  of  split  or  patent  links  for  each  size  of  chain  in  use  should  be 
kept  by  the  storekeeper  of  the  erecting  gan^,  as  much  time  is  lost  in  binding 
the  two  ends  of  a  broken  chain  together  with  wire.  Shackles  of  course  can 
be  used  for  the  larger  sizes  in  ca^  of  need. 


Pigs.  5,890  to  5,8d2. — ^Delta  continuous  trolley  system. 


Telpherage. — ^This  word  is  defined  as:  Auiomatic  aerial 
transportation  as  by  the  aid  of  electricity  y  especially  that  system  in 
which  carriages  having  independent  motors  are  run  on  a  stout 
wire  conducting  an  electric  current. 

Telpherage  is  a  name  introduced  by  the  late  Professor  Fleeming  Jenkin  to 
designate  a  system  devised  by  him,  by  which  the  transmission  of  a  vehicle 
by  dectricity  to  a  distance  is  effected  independently  of  any  control  exercised 
from  the  vehicle;  it  is  an  aerial  electrical  railway. 

Telpherage  properly  includes  those  systems  employing  a  wire  or  cable 
for  a  track,  but  the  term  is  erroneously  applied  to  systems  using  a  rail. 
There  are  two  divisions  of  telphers. 

1.  Automatic. 

2.  Non-automatic. 
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Ques.    What  are  automatic  telphers? 

Ans.  Those  which  are  driven  by  electric  motors,  the  control 
being  a  part,  or  remote  from  the  telpher.  The  original  telphers 
were  automatic,  the  telpher  being  placed  in  the  middle  of  the 
train. 

Ques.    What  is  the  chief  use  of  automatic  telphers? 

Ans.  They  are  employed  for  handling  coal,  ore,  and  bulk 
material. 


BL 


"s 


c 
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MOVABLE 
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Fig.  5,893. — ^Typical  arrangement  of  mono-rail  trncks.  The  track  is  supported  on  brackets 
attached  to  btiildings,  or  is  supported  on  A  !>ent8.  Supports  under  straight  track  are 
spaced  20  feet  apart .  and  on  curves ,  the  spacing  is  8  feet.  For  long  spans ,  cables  or  trusses 
are  used.  The  tracks  may  be  either  fixed  or  movable.  In  the  Atfure,  the  side  tracks  BB'„ 
ara  fixed,  but  C,  is  movable,  being  attadied  to  a  traveling  bridflp.  The  speed  of  this 
bridge  is  from  300  ft.  to  900  ft.  per  min.  The  motor  driving  this  bridge  would  have  a  load 
factor  of  .16.  The  telpher  train  is  passed  from  these  side  tracks  B',  by  means  of  a  gliding- 
switch  upon  the  movable  trade  C.  This  track  therefore  may  be  placed  anywhere  over 
the  area  between  the  fixed  side  tracks.  The  telpher  returns  by  means  of  the  track  B'» 
to  its  starting  point  A.  By  the  operation  of  this  movable  track  all  the  space  can  be  served; 
this  ox>eratio&  is  called  traxisferage.    The  minimum  allowable  radius  of  curves  is  8  ft. 


Ques.    Define  non-automatic  telph^^. 

Ans.  Non-automatic  telphers  are  those  which  are  controlled 
by  an  operator  who  travels  with  the  load  and  who  operates 
both  the  telpher  and  hoists  from  a  cab  or  case  which  is  attached 
to  the  telpher  or  carriage. 

Non-automatic  telphers  are  employed  for  bulk  material,  like  the  auto- 
matic telpher,  and  are  also  used  for  the  hoisting  and  conveying  of  miscel- 
laneous material,  boxes,  cases  and  barrels,  the  package  freight  of  railways 
and  the  mixed  cargoes  of  steamships. 
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Quee.    How  is  a  telpher  snqieiuled,  and  driven? 

Ans.     Prom  one  or  more  wheds  in  tandem,  of  which  one  or 
all  are  driven  by  the  electric  motor  or  motors. 

In  the  mioimum  head  room  two  ton  type  deigned  for  railway  and 
steamship  terminals  the  vertical  space  from  the  underside  of  the  roof 


Sirdeis  to  the  bottom  of  the  hoist  hook  b  4  ft.  9  In.  (144.8  cm.).  Tho 
width  of  the  hoist  is  3  ft.  3  in.,  and  4  ft.  8  in.  to  the  limit  line  for  10  degrees 
swinE'  From  the  center  of  the  rail  to  the  inner  limit  of  the  telpher  and 
hoist  is  IS  inches, 

Ques.    Describe  the  power  features. 
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Ans.  Energy  in  the 
form  of  either  direct  or 
alternating  current  is  com- 
muoicated  to  the  motors 
by  conductors  which  lie 
paralld  to  the  track,  the 
contact  being  made  by 
shoes  oc  wheels.  Some- 
times storage  batteries  sus- 
pended from  the  telpher 
or  the  carriage  are  em- 
ployed. On  steep  grades 
the  telpherage  traction,  in 
some  installations ,  has  been 
assisted  by  supplementary 
cables,  either  fixed  or 
movable. 


luired  in  Belecling  a  cran«.  Load,  maxi- 
aa  b«  prefemd;  fltifto,  ouuide  or  innde 
■exvm^  cHj-FWHf  uB(n,  wucuiGT  u.  1.  VI  u.  t.,  Hivlfl^  Toltage  cycle  and  phase;  ctrartmPB 
dInunaliHU,  A.ipaaLB.endcleanncc;  C.  distance  from  top  oCiuaway  ml  to  Hoor;  P.  over- 
head cleMaacej  B  oad  F,  roof  bmces  if  any  th&t  would  interfere  witli  end  travel  o(  trolley - 

Telpher  Motors. — The  sizes  of  motor  for  telphers  and 
hoists  will  depend  upon  the  class  of  work  to  be  done;  the  motors 
for  telpher  tractors  vary  from  5  to  15  h.p.  and  for  the  hoists, 
from  3  to  75  h.p.,  the  loads  being  from  500  lb.  to  30,000  lb. 
The  load  factor  for  the  tractor  motor  is  .25  and  for  the  hoisting 
motor  .16.  The  driving  wheels  and  the  motors  may  be  con- 
nected by  gears  or  by  chain  drive.  The  maximum  service 
efficiency  of  the  motors  is  that  corresponding  to  the  efficiency 
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obtained  between  one  half  and  three-qtiarters  ftdl  load.    The 
motors  are  of  slow  or  medium  speed. 

Direct  current  250  volt  or,  600  volt  series  wound  motors  are  preferable 
for  tractors  and  hoists  though  alternating  current  motors  afford  satisfactory 
restdts.  The  motors  should  be  dust  and  weather  proof,  and  should  have  a 
50  -pec  cent,  reserve  in  their  rating.  The  average  combined  efficiency  of 
the  motors  and  gearing,  for  the  tractor  and  hoist,  is  from  65  per  cent,  to 
75  per  cent. 

Brakes. — ^The  mechanical  type  of  telpher  brake  is  used  and 
the  hoist  brake  is  of  either  the  electro-mechanical  or  electro- 
dynamic  types.    Spur  gears  and  chain  drive  on  the  tractor 

D 


U 
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Pig.  5,896. — Cableway.  The  essential  elements  of  construction  are  BB',  towers;  C,  cable; 
D.  hauling  rope;  E,  hauling  rope  drum;  F.  hoisting  rope;  G,  hoisting  drum;  H,  hoisting 
rope  slack  carriers. 

transmit  the  power  from  motor  to  track  wheels,  and  either  spur 
or  worm  gear  is  used  to  transmit  power  to  the  hoisting  drum. 

Trackage. — Telphers  either  run  in  one  direction  on  a  closed 
track  circuit,  or  to  and  fro  over  a  single  line.  On  the  single 
line  the  automatic  telphers  reverse  themselves  on  completing 
their  trips. 
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Pio.  G,89T. — Direct  ciurent  hmat  motor  with  fly  wheel  equaliiinB  motor  B«ierBt«t  set.  Whea 
dinct  cunent  moton  mn  cmplofedi  &  ihunt  TOoiul  direct  cuiTent  motor  ia  used  to  drive  the 
boist  tiM  motor  bdng  nippliM  inthwwer  from  a  direct  cuTiait  ^eaeiator,usiullir  driven  by  ft. 
three  phue  induction  motor mpplied  frmn  the  avukble  power  circiiit.  The  enentiBl  feature 
of  tiiii  system  is  that  the  voltage  niocdied  to  the  boiiit  motor,  and  coniequently  tha  speed 
of  the  motor,  ia  controlled  by  coateomnfi  tha  ^tid  cantat  of  the  seDeiator,  *"■**■«<  of  by 
voiyiDK  the  nsistuicei  in  the  armBture  circiiit  of  the  motor;  thoa.  as  the  field  cunent  of  thir 
Bensator  is  increased  &om  nothing  to  a  maximum,  the  motor  speeds  up  from  staiHls^  to 
full  apeed  and  if  the  field  current  of  the  EeneTHtor  be  reversed,  the  motor  revenea  its  diieetion 
of  rotation.  This  system  enables  a  very  exact  ccntrol  of  the  speed  to  be  obtained,  because 
the  speed  of  the  motor  is  practicaliy  proportionsl  to  the  etreneth  of  the  senerator  field, 
whatever  tha  load  on  the  motor  may  be,  while  with  any  eontrofsiwtem,  wEere  re  '  ' 

ts  with  a  change  of  losi 
generator  field  ini""' — 

ent«  of  the  genera 

very  easy  to  handle. 


le  speed  would  vary  w 

the  jrenerator  field  involves  scarcely  any  waste  of  clecCrio  power,  but  where  Tesistances  are: 
inse^ed  in  the  armature  circuit,  the  Ices  of  power  becomes  usually  very  ffreat.  The  field 
~     if  the  generator  are  Email,  bo  that  the  contnl  mechanism  is  small,  compact,  and 

-^The  most  ireQerally  used  type  of  hoist  for  service  in  mines  is 
;.i .i._j^^i ^  „  ,  comhinalion  cylindrical- 

for  hoisting  from  different  l^vM.. 

ie»Mft,ooe  being  keyed  to  the  sh 

type  almost  universally  used  for  rompaial 
deeperones.  ,  /(coiulslso/twocylin^ca: 

^Targe  end'of  the  cane.  The  use  of  this  type  of 'hoist  I'sUmited  to^cmnparatively  Sallow 
shafts,  for  depths  below  which  the  use  of  the  corneal  dium  is  impiacticable.  it  is  necessary  to 
eonipromi«.  using  a  dmm  cambining  the  features  of  the  cone  and  cylinder.     The  rope  is 

then  onto  the  cylindrical  portion  in  one  or  more  layers,  depending  upon  the  length  of  the  rope. 

Tffpva  of  dr1v«  for  mirw  hoUtt- — -According  to  the  method  of  drive,  electric  hoists  may 
be  dlifided  in  two  classes:  1,  those  driven  by  induction  motors,  and  2,  those  driven  by  direct 
Vs  the  power  supply  in  almost  all  cases  is  alternating  current,  the  latter 
vision  tw  conveTtmg  the  current,  this  being  always  done  by  motor  genera-. 

,.__  __ _ ._ ^for  the  smaller  si?es,  while  for  the  larger  it  ia  customary  to  employ  a. 

liquid  rheostat.  The  contacts  of  this  rheostat  are  usually  stationary  and  the  resistance  ia 
vuied  Iht  chaDginf  the  level  of  the  liquid .  High  speed  induction  motors  have  very  good 
electrical  charactcnstics^nd  this  method  of  drive  is  very  suitable  for  large  hoists  operating 
with  high  rope  speeds.  The  motor  may  be  either  direct  connected  or  geared  to  the  drum  shaft, 
dependmg  upon  which  method  works  out  most  economically. 
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Ques.    How  is  the  spacing  between  the  cars  r^ulated  ? 

Ans.     Automatically  by  a  block  system. 

Essentials  of  Gableways. — The  term  cableway  may  be 
defined  as  a  rectilinear  hoisting  and  conveying  apparatus  supported 
by  a  cable. 

The  dements  of  construction  are  shown  in  fig.  4,242.  A  strong  steel 
wire  rope  or  cable  is  stretched  between  the  towers  BB'.  On  this  rope 
runs  the  carriage  C,  pulled  backwards  and  forwards  by  the  hauling  rope 
D,  which  is  operated  by  the  capstan  drum  E.  One  end  of  the  hoisting 
rope  F,  is  secured  to  tne  carriage,  and  is  led  round  the  various  pulleys 
sho^  and  to  the  hoisting  drum  G. 

The  slack  of  the  hoisting  rope,  when  paying  out,  is  supported  by  the 
carriers  H.  These  carriers  are  dropi)ed  by  the  carriage  when  running 
from  B  to  B',  and  are  picked  up  again  when  returning  from  their  posi- 
tion, being  determined  by  buttons  of  different  size  arranged  on  the  rope. 
Loads  are  hoisted  and  lowered  by  dnun  G,  driver  E,  being  held  by  its 
brakes. 

To  travel  the  load,  the  two  drums  are  clutched  top[ether.  Driver  E, 
then  hauls  the  carriage  along,  while  drum  G,  takes  m  or  pajrs  out  the 
hoisting  rope,  so  that  the  vertical  position  of  the  load  is  unalt^^. 

Ques.    What  is  the  rai^e  of  the  apparatus? 

Ans.  It  will  take  up  and  deposit  loads  anywhere  along  a 
line  directly  underneath  the  main  cable,  and  by  means  of  switch 
blocks  it  may  be  made  to  serve  an  area  having  a  width  of  about 
15  feet  oi*  so  each  side  of  the  cable. 


NOTE. — Telpher  performance.  The  loads  hoisted  and  conveyed  on  telpher  hoists 
have  been  as  high  as  fifteen  tons.  The  maximum  speed  of  conveying  on  a  straight  level  track 
is  about  1,000  feet  per  min.  .  The  running  speed  is  reduced  at  curves,  according  to  their  radii. 
For  terminal  work,  thecapacity  of  each  hoist  is  two  tons  at  60  feet  per  min.  (18.288m.  permin.) 
Two  hoists  can  be  combmed  so  as  to  raise  four  tons.  The  motors  bein^  series  wound,  the 
speed  of  hoisting  will  increase  as  the  load  is  diminished .  For  freight  ^  handUng^  from  two  t o  f  ou  r 
carnage  hoists  constitute  a  train  which  has  a  total  maximum  carrvmg  capacity  of  eight  tons . 
Such  tndns  are  used  for  assorting  as  well  as  for  distributing,  ftfioording  to  consignments. 


ROPES,  KNOTS  AND  SPLICES  3,301 


CHAPTER  90 


ROPES,  KNOTS  AND  SPLICES 


Ropes. — Hemp,  cotton,  or  wire  is  used  in  the  manufacture 
of  ropes.  Hemp  rope  is  very  largely  used  because  of  its  strength 
and  durability. 


Pig.  5,808.-— Method  of  coiling  and  tinooiling  a  rope.  Because,  of  the  way  in  which  rope  is 
twisted  in  mannfactture,  it  should  always  be  coiled  around  "with  the  sun,"  or  clockwise,  as 
shown,  in  unooittng,  the  end  last  laid  down  should  never  bepulled  up  from  the  top  of 
the  coil,  beoause  if  this  be  done,  the  rope  will  twist  and  kink.  These  Idnks  will  jam  in  the 
pulley  blocks,  and  if  pulled  through  they  will  seriously  injure  and  weaken  the  rope.  In 
uncoiling,  therefore,  tne  end  first  laid  down  should  be  pulled  up  through  the  center  of  the 
coil,  as  at  A,  or  if  for  some  special  reason  the  end  last  laid  down  mtist  be  drawn  out  first, 
the  whole  coil  should  be  turned  over  and  this  end  drawn  up  through  the  center.  In  general, 
if  a  rope  twist  and  kink  in  uncoiling,  the  coil  should  be  turned  over  and  the  end  being  drawn 
passed  up  through  the  center  of  the  coil.  The  same  remarks  apply  to  binder  twine;  if  the 
wrong  end  be  drawn  out,  the  twine  soon  kinks,  catches  and  breaks. 


Of  late  years  the  supply  of  true  hemp  has  been  insufficient  to 
fill  the  demand,  and  a  substitute  has  been  found  in  the  outer 
fibers  of  the  leaves  of  a  species  of  the  banana  plant  grown  in  the 


J 


3,302  ROPES,  KNOTS  AND  SPUCES 

PhiUppme  Islands.  The  prepared  fiber  is  exported  from  the 
city  of  Manila  «inA»r  thft  nama  <rf  "Mnnila  hemp,"  the  rope  made 
from  it  being  called  manila  rope. 

Cotton  rope  is  used  where  its  softness  is  dedratde,  as  for  in- 
stance in  malp-ng  haltcTs  for  youi^  aTiiTnali;  having  tender  skins. 


In  manufactunug  rope  the  fibers  are  first  Bpaa  into  a  "jvia,"  this  yam 
^eing  twisted  in  a.  direction  called  "right  hand."  A  number  of  jams 
are  ttien  put  together  aiid  twist«d  in  the  c>in>ositedirectioo,  or 'left  hand," 


into  a  "strand.       Three  of  these  strands  for  a  three  strand  or  four  far  a 
four  strand  rope  are  then  twisted  together,  the  twist  being  again  ii 

"right  hand"  direction. 


m 


P»M.  S.SOe  and  E.eOO.— end  Ticwi  of  three 

having  baen  drawn  about  each  in  oider 

th»fr4tfand  nm  th«  fltranda  Hr«  larser  than  tho«  in  th«  four-straiul  rope  and  yet  the 
drde  in  Eg.  5,Sw  is  not  »  mil  lulled  u  in  fia.  5,900.  Prom  thk  it  ii  acen  Uiat  (our  stiaiid 
rope  difTen  from  three  strand  rope  in  that  the  former  is  stronger  and  more  pliable,  haa  a 
more  even  lurface.  weighl  more pnfool. and  bniig  camlnifhid  ok  a  oora,  the  atands  ais 
kept  away  from  tlu  center  thiu  leducinq  chaiinfl  aa  the  rope  is  bent  around  a  pulley.  The 
eitra  cost  of  th«  four  itr^Qd  top«  ia  jmtified  if  the  mpe  be  properly  cared  for. 

Via.  6,001. — How  to  undo  a  marlt  Btgtn  by  looseniae:  it,  drawinff  out  one  end  as  far  as  poe- 
aible  *1  at  A,  and  then  weninG  the  center  of  the  armil  so  as  to  foim  a  hole  of  considenUe 
sise  around  the  rope  A.  The  whole  bundle  of  tangled  rope  is  then  seized  and  forced  through 
the  hole  thill  made,  putting  the  outside  pari  of  the  hunille  throusli  first  a«  ahown  by  the 
arrowi,  a  oroceis  much  like  kneadins  bread.  This  will  add  a  little  straight  rope  to  the 
md  A,  and  if  patiently  continued,  ths  process  will  surel/  uniavel  the  wont  poeable  tangle. 


L 


tendency  is  for  the  rope  to  untwist  ai^  become  longer. 
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In  uQtwistmg  the  rope  it  will  twist  the  threads  up  and  the  weight  will 
revolve  until  the  strain  of  the  untwisting  strands  }ust  equals  the  strain 
of  the  yams  being  twisted  tighter. 

In  maVing  a  rope  it  is  impossible  to  make  these  strains  exactly  balance 
each  other.  It  is  this  fact  that  makes  it  necessary  to  take  out  the  "turns" 
in  a  new  Tope,  that  is,  tmtwist  it  when  it  is  at  work.  The  amotmt  of  twist 
that  should  be  put  in  the  yams  has  been  ascertained  ai>pn>ximately  by 
experience. 

Figs.  5,899  and  5,900  show  appearance  of  three  and  four  strand  rope. 

In  the  following  table  the  figures  refer  to  average  grade  Manila 
rope,  new  and  without  knots. 


Properties  of  Three  Strand  Manila  Rope 


Diameter 
(Inches) 


I 
I 
I 
I 
t 
I 

2 
2 
3 


3/i6 

1/4 

5/i6 

3/8 

7/16 

f/a- 

5/8 

Hi 

7/8 

1/8 

1/4 
3/8 

1/2 

3/4 
»/^ 


II 


Circum- 
ference 
(Inches) 


9/16 
3/4 


I 
•1 
I 

I: 

2 

2 
2 

3 
3 
3 

4 

4 

5 
6 

7 
9 


1/8 
1/2 

3/4 

1/2 

3/4 

1/4 
1/2 

x/4 

1/2 


III 


Weight 

of  100 

feet  of 

rope 

(Pounds) 


2 

3 

4 

5 
6 

7 

13 
i6 

23 

28 

38 

45 
58 

65 
97 

"3 
184 
262 


IV 


Length  of 

each 
pound  of 

rope 
Ft.    Ins. 


50 

0 

33 

4 

25 

0 

20 

0 

16 

8 

2/3 

13 

0 

1/3 

7 

6 

1/3 

6 

1 

2/3 

4 

3 

1/3 

3 

6 

2 

7 

2 
1 

% 

1 

6 

1 

0 

0 

10 

a 

61 

0 

4i 

*  From  the  rules  by  C»  W«  Hunt  mid  Spesicer  MUler. 


Safe 

load 

(Pounds) 


35 

55 

90 

130 

175 
230 
410 

IS20 

775 

925 
1,260 

.1.445 
1,855 
2.085 
3.070 
3.600 
5.630 
8,100 


VI 


Breaking 

load 
(Pounds)* 


230 
400 
630 
909 

1.240 

1.620 

2,880 

3.640 

5.440 

6,480 

8,820 

10,120 

13.000 

14,600 

21,500 

25,200 

39.400 

56,700 


VII 


Diameteir 
of  pullev 
(Inches) 


ll2 
1/2 


I 

i. 

3  1/2 

4 
5 
6 

7 
8 

9 
10 
II 
12 


It 

20 
24 


""NOTE. — ^It  should  be  noted  that  knota  weaken  a  rope.  The  safe  load  given  in  the 
table  IS  the  greatest  load  that  a  sin^de  roi>e  should  carry,  being  about  Vt  of  the  breaking  load* 
The  data  is  from  C.  W.  Hunt  &  Co. 
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Ropes  and  cordage  are  so  peculiarly  a  sailor's  province  that 
nautical  expressions  must  necessarily  be  used,  AcccMrdingly  a 
few  explanations  will  first  be  given  of  terms  used  in  this  con- 
nection: 

lletoy.--*-To make  fast  the  end  of  a  tackle  fall,  etc.,  at  the  conclusion  of 
a  hoisting  operation  or  the  like. 

Bend, — ^A  fastening  of  one  rope  to  another  or  to  a  ring,  thimble,  etc. 

Bight, — ^The  loose  part  of  a  rope  between  two  fixed  ends. 

Haul, — ^To  heave  or  pull  on  a  rope. 

Hitch, — ^A  fastening  of  a  rope  simply  by  winding  it,  without  knotting, 
around  some  object. 

r 

4  t  >  •  • 

Knot, — ^A  fastening  of  one  part  of  a  rope  to  another  part  of  the  same, 
by  interlacing  them  and  drawmg  the  loc^  tight. 

Lay, — ^To  twist  strands  up  together  as  in  rope  nmking,  the  fibre  or  tow 
receiving  a  right  handed  twist  to  make  yams,  yams  being  laid  left  handed 
into  strands,  and  strands  right  handed  into  ropes.  Three  strands  make  a 
hawser,  and  three  hawsers  are  laid  up  into  a  cable. 

Make  fast, — ^To  secure  the  loose  end  of  a  rope  to  some  fixed  object. 

Marline  spike, — ^A  long  tapered  steel  instrument  used  to  unlay  or  sepa- 
rate the  stsBnds  of  rope  for  splicing,  etc.,  or  for  working  mariine  around  a 
seizing. 

Parcelled, — ^Wrapped  with  canvas,  rags,  leather,  etc.,  to  resist  chafing. 

Seize, — ^To  lash  a  rope  permanently  with  a  smaller  cord. 

Serve, — ^To  lash  with  cord,  etc.,  wound  tightly  and  continuously  around 
the  object. 

Splice, — ^To  connect  ropes*  ends  together  by  unlaying  the  strands  of  each 
and  then  plaiting  both  up  together  so  as  to  make  one  continuous  whole. 

Strand, — ^Two  or  more  larger  yams  twisted  together. 

Taut, — Stretched  or  drawn  tight,  strained. 

Yarn, — Fibres  twisted  together. 

The  rope  fastenings  most  necessary  for  the  purpose  of  the 
outside  engineer  or  millwright  here  described,  have  an  illustra- 
tion of  each  one  which  has  been  tested  by  an  expert  and  found 
abtmdantly  clear  to  show  the  mode  of  procedure. 
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Knots  tised  for  making  loops  c 
in  order,  and  these  comprise: 


I  the  ends  of  ropes  come  first 


Howling  on  a  bight. — Used  to  make  a  loop  ia  the  bight  of  a  rope,  or 
with  a  doubled  rope;  fig.  5,903, 

Slip  Knot. — Ordinary  raming  noose,  tightening  as  strain  is  applied; 
fig.  5,904 


Pic.  5,602,— Bonlinc 


Nert  in  order  come  the  knots  and  bends  tised  for  tying  two  ropes 
together.    These  are: 

Carrick  Bend, — For  connecting  the  ends  of  two  equal  ropes;  fig.  5, £05, 
Reef  or  Square  Knot. — Used  to  fasten  the  reef  points  of  a  sail;  a  neat, 

non-slipping  Imot  that  lies  quite  flat,  and  is  easily  untied;   fig.  5,906. 
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Sheet  Bend  or  Weaver's  Knot. — ^Por  tying  together  two  ropes  of 
different  sizes;   fig.  5,907. 

Various  methods  of  securing  the  ends  of  ropes  next  demand  con- 
sideration, and  these  vary  greatly  with  the  diversity  of  the  object 
sought  to  be  attained. 


Pig.  5.905— Carrick  bend. 


Fig.  5.906. — ^Reef  or  square  knot. 


Fig.  5,907. — Sheet  bend  or  weaver's  knot. 


Blackwall  Hitch. — ^Por  making  fast  a  rox>e  over  a  belaying  pin  or  crane 
hook,  not  very  trustworthy;  fig.  5,908. 

Clove  Hitch, — ^To  make  fast  a  line  to  a  spar;  will  stand  a  vertical  pull 

without  slipping;   fig.  5,909. 

Double  Hitch. — ^For  similar  purposes,  but  safer  than  the  Blackwall 
hitch.  Care  must  be  exercised,  with  this  hitch  and  the  preceding  one,  that 
the  strain  comes  upon  the  part  of  the  rope  marked  S  for  strain;  fig.  5,910. 
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Fig.  5,908.— BladcwsU  hit^ 


Fic.  S,911. — Fishetmaa'i  bend. 


Round  turn  and  two  Half  HItehea. — A  simple  means  of  inaking  fast 

the  end  of  &  tope  or  blockfall.    Supposed  by  sailors  to  be  cbaracteristic 
of  an  engineeri  fig.  5,912. 

The  methods  of  splicing  two  ropes  together,  by  incorporating 
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their  strands  together,  differ  according  to  the  services  required. 
Chief  among  than  i 


Short  Splice. — Quickly  made;    useful  for  strops  or  slii^;    makes  a 
iumpon  the  rope,  and  therefore  is  not  recocomended  for  '  '  '  •    -    ' 

ropes;  fig.  &,914.  « 


desirable. 

After  splices,  consideration  must  be  given  to  methods  oi  fixing 
ropes  around  thtmbtes  or  bars.    Three  good  styles  are: 
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Eye  Splice, — The  permanent  method  of  bending  a  rope  around  a  thimble 
or  gnimmet:  the  loose  end  is  spliced  into  the  centre  of  the  rope;  fig.  5,915. 

Flemish  Loop, — ^A  neat  and  safe  method. of  temporarily  fixing  a  thimble 
in  a  rope,  with  a  slip-noose  and  round  turn;  fig.  5,917. 

Round  Seizing, — ^An  attractive  style  for  making  a  permanent  loop  in  a 
rope;  fig.  5,916. 

Occasionally  it  is  desirable  to  shorten  a  rope  considerably  with- 
out having  recourse  to  cutting  it;  for  such  purpose  the  sheep" 
shanks,  shown  in  fig.  6,918,  is  invaluable. 


Pig.  5,918. — Sheep  shanks. 

The  last  series  of  fastenings  are  those  used  for  connecting  block'^ 
ropes,  etc,,  to  the  objects  which  have  to  be  lifted.    Among  these  are: 

Lashing  with  Knot, — ^A  convenient  method  of  improvising  a  sling;  fig. 
5,919. 

Stevedore's  JTnof .— For  making  fast  a  block  rope  to  the  handles  or 
cord  of  a  package;   fig.  5,920. 


I^IG.  5,919. — ^Lashing. 


Pic.  6,920. — Stevedore's  knot. 
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Strop  or  Sling. — An  endless  rope  made  by  splidng;  the  illustmtion 
shows  its  application  to  an  object  whose  end  is  inaccessible,  or  which  has  no 
eyes  to  hook  into;  ^.  5,821. 

Timber  Hitch. — For  hoisting,  etc.,  cannot  slip;  the  harder  the  pidl, 
the  tighter  it  grips;  fig.  6,922, 

Timber  Hitch  and  Bound  Turn. — Useful  for  towing  a  sjiar,  or  for 
lifting  one  endways;  specially  adapted  for  standing  a  lengthwise  sb'ain; 
this  is  sometimes  termed  the  floating  spar  hilch;  &g.  5,923, 


Fig. 6,921.'— Strop  oralioe.  ^°>  &ifi32. — Timber  hitch. 


Fig.  G,9£3. — Timber  hitch  and  round  tum  sometimes  colled  floatins  spsr  hitch. 

Theory  of  Knots. — According  to  Kent,  the  principle  of  a 
knot  is  that ' '  no  two  parts  which  would  move  in  the  same  direc- 
tion if  the  rope  were  to  slip,  should  lay  along  side  of  and  touch- 
ing each  other."  Another  principle  that  shoidd  be  added  to 
the  above  is  that  a  knot  or  a  hitch  must  be  so  devised  that  the 
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Hght  part  of  the  rope  must  bear  on  the  free  end  in  such  a  manner  as 
to  pinch  and  hold  it^  in  a  knot,  against  another  tight  part  of  the 
rope,  or  in  a  hitch,  against  the  object  to  which  the  rope  is  attached. 


Pigs.  2,924  and  2,925. — Granny  knot.  This  is  frequently  made  by  mistake  for  a  square 
knot.  It  tends  to  sUp  tmder  strain  and  is  very  hard  to  untie  when  set.  The  x>oint  at  which 
a  granny  knot  may  be  detected  ia  in  the  position  shown  in  fig.  2,924.  Ropes  A  and  B  are 
not  on  the  same  side  of  C,  as  they  should  be  in  making  a  square  knot,  and  when  the  knot 
IS  completed  they  are  still  wrong,  as  shown  in  fig.  2,925. 

Fig.  2,926. — Surgeons  knot.  The  left  end  of  one  rope  is  first  wrapped  twice  around  the  other 
rope,  instead  of  once  as  for  the  square  knot.  If  now  the  rope  be  xwUed  up  tightly,  the 
extra  twists  tend  to  keep  the  knot  from  slipping  while  the  second  part  of  the  tie  is  made. 
In  uainff  this  knot  with  smooth  cord,  as  in  tying  bundles,  after  the  first  wraps  have  been 
taken  and  the  cord  drawn  up  finnly ,  it  is  necessary  to  Idnk  the  double  twists  into  a  bunch  so 
as  to  jam  them,  by  swinging  the  hands  around  in  such  a  manner  that  the  wrists ^cross,  while 
still  piulling.^  The  knot  will  then  hold  securely  while  the  second  part  of  the  tie  is  made  and 
drawn  up  tightly. 


Figs.  2,927  to  2,990. — Slip  knot.  It  may  be  made  by  starting  either  with  the  position  shown 
in  fig.  2,927  or  with  that  in  fig.  2,929,  whichever  be  easier  for  the  person  tving  the  loop. 
When  bc^;kming  with  fig.  2,927^  grasp  the  end  of  the  rope  in  the  left  hand  and^  bringing  the 
right  hand  upward ,  pick  up  a  bight  of  the  rope  on  the  wrist  as  shown .  Bend  the  lignt  wrist 
so  that  the  palm  of^the  hand  is  upward  and  the  little  finger  touches  the  short  end  of  the 
rope.  Then  rotate  the  wrist  as  snown  by  the  upper  arrow.  ^  This  will  cross  the  sides  of 
the  l^ht  and  form  a  loop  aroimd  the  wrist,  and  at  the  same  time  will  bring  the  main  rope 
in  between  the  thumb  and  the  first  finger  as  shown  in  fig.  2,928  and  as  indicated  by  the 
lower  arrow  in  fig.  2,927.  Grasp  the  main  roi>e  and  draw  a  bight  up  through  the  loop,  as 
shown  in  figs.  2,929  and  2,930.  In  starting  with  the  position  shown  in  fig.  2,929,  the  end 
is  h^  in  the  left  hand  and  the  loop  formed  by  twirling  the  rope  to  the  right  between  the 
thumb  and  the  fingers  of  the  right  hand.  Either  method  is  easy,  provided  the  end  is 
held  in  the  left  hand  at  the  beginning. 
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...     Taks 

loD2I<l|)S 

long  njpe.,    ThiM  a 


riaht,  u  indicated  br 

hfl  end  pmoing  tfamuf h 

right  undar  the  long 


donn  by  mviag  glack  with  the  left  hand  and  pullmtf  up  wi 
»m>wsmfiB.6.93*.    With  the  loop  transferred  to  the  long  rop 

it,  tu  in  fig.  B, 93a,  it  i«  necessary  only  to  bring  the  end  froa. 

Iope,«iindic«tBdW  the  arrow  in  fig.  6,638,  and  back  into  the  loop  froi ... ^_ 

in  fig.  G,93T.  The  knot  is  now  ready  to  be  tightened  up.  when  it  win  be  finialied.  The 
underhand  method  is  used  when  Htandinjr  alongside  the  rope  and  Ezialdnn  a  loop  around 
Bme  object  or  through  an  eye. 
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ight.  To  make  a  tcxip  with  a  bowline  knot  in  the  middle 
loubls  rope  at  ths  end  of  m  rope,  a,  bowlins  knot  il  tied 
iMght  iA  the  TDpe  instead  of  a  einffle  lope.  The  aten 
as  those  docribol  for  fie.  S,031.  After  a.TTivia|  at  the 
rer,  the  knot  ia  made  diffeRntly.  Instead  of  bieht  A, 
I  Topea,  it  is  pulled  up  through  tbe  small  loop  and  then 
.1 ^  ^  ^_  A,M5,  and  the  whole  of  the  large  loop 


B  bight  in  the  re 

atpoint  B,  fig.  8,947,  thus  fot.      „  .     ._ _._  _, 

samefiffure.  Qrasp  t^  orossinB  and  fold  it  down  on  point  B .  thuA  foming  two  new  amaller 
loop*  as  shown  in  fig.  G,94S.  Pass  the  end  of  each  lance  loop  back  through  the  nearen 
smalt  loop,  •«  indicated  by  the  urowa  in  fig.  S.MS,  pull  these  loopt  out  bard,  and  the  knot 
is  finkhed  (fig.  G,M9). 
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The  principle  is  illustrated  in  the  Stevedore's  Knot,  figs.  ^5^952  and 
5|953  and  in  the  half  hitch  fig.  5,954. 

The  elements  of  a  knot  or  bends  that  a  rope  tindergoes  in  the 
formation  of  a  knot  or  of  a  hitch  are  of  three  kinds: 
'1.  Bight. 

2.  Loop  or  ttim. 

3.  Round  turn. 


Figs.  5,950  and  5,951. — ^Figure  eight  knot.  This  is  used  for  makinsr  a  knob  on  the  end  of  a 
rope  or  for  keeping  the  strands  from  untwisting.  It  may  be  easily  untied.  Form  a  bight 
near  the  end  of  the  rppe,  give  the  short  end  one  complete  turn  about  the  long  rope,  and  pass 
it  up  into  the  bight  (iig.  5,950).  Pull  up  tightly,  so  that  the  end  is  square  across  the  xo^. 
By  putting  in  a  short  stick,  or  shackle,  as  shown  in  fig.  5,951,  the  knot  may  be  very  easily 
untied. 

Pigs.  5,952  and  5,953. — Stevedore's  knot.  This  knot  is  used  for  making  an  extra  large  knob 
on  the  end  of  a  rope.  It  is  tied  the  same  as  a  figure-eight  knot,  except  that  two  turns  are 
taken  around  the  roi>e  instead  of  one,  and  it  may  be  made  either  without  or  with  a  shaclde 
as  in  fig.  5,952  and  in  fig.  5,953. 


Pig.  5,954. — ^Half-hitch.  This  is  a  temporary  and  not  very  secure  fastening.  In  the  figure  the 
half -hitch  is  shown  taken  around  the  main  rope  and,  as  shown,  it  consists  merely  of  a  loop 
around  the  rope  with  the  free  end  pinched  between  the  rope  and  the  object  to  which  it  is 
attached. 

Pig.  6,955. — ^Timber-hitch.  This  is  a  secure  temporary  fastening  very  easily  tmdone,  which  is 
used  to  a  considerable  extent  b^  carpenters  for  raising  timbers.  To  make,  pass  the  rope 
around  the  timber,  take  a  half-hitch  around  the  rope,  and  then  ];)ass  the  free  end  once  more 
between  the  rope  and  the  timber,  as  shown. 

Pigs.  5,956  and  5,957.—Two  half-hitches.  Fi^.  5,956,  torong  way;  fig.  5,957  rtfht  way.  This 
is  a  good  fastening  and  is  secure  provided  it  is  well  pulled  down  and  set  before  being  sub- 
jected to  a  load.  If  tied  according  to  fig.  5,957,  the  hitches  are  easily  loosened,  but  if  made 
as  shown  in  fig.  5,956,  they  will  jam  tie^Uy. 


3316 


ROPES,  KNOTS  AND  SPLICES 


KM.  6,968  to  «xM2"i?teS^**  ?f  t  ^^'  ^:  ?»^?  ^^^j  ^-  ^.^W,  loop  or  turn;  fig.  6.960, 
found  turn.  la  *«•  o.^pS  the  bight  is  formed  by  MmpTy  bending  the  rope,  keeping  the  sides 
parallel;  mfig.  6.969,  the  loop  or  turn  is  made  by  crossing  theades  of  a  bight;  in  fig.  6.9fl0 
the  round  turn  is  produced  by  further  bending  one  side  of  a  loop. 


Fio.  6.961.— Anchor  bend.  This  hitch,  also  called  fisherman's  bend,  is  used  for  fastening  a 
rope  securely  to  a  metal  ring,  such  as  that  on  an  anchor,  with  a  double  rope  in  contact  with 
the  metal  to  prevent  excessive  wear.  To  makm,  take  a  round  turn  around  the  ring  and  then 
two  half  hitches  around  the  rope,  passing  the  end  for  the  first  half  hitch  through  the  loop 
of  tHe  rotmd  turn  as  shown.  In  this  form  the  hitch  is  very  secure,  but  it  may  be  made  more 
so  by  wluppxng  the  end  to  the  main  rope. 

Fx6.  6,962.— Combined  timber,  and  half  hitch.  This  secure  fastening  is  useful  in  handling 
long  artides  that  must  be  kept  in  line  with  the  pull  of  the  rope.  Note  that  ^le  half  hitch 
IB  around  the  object  this  time,  and  not  around  the  rope. 

FiGfi.  6.963  and  5,964. — Clove  hitch.  ThU  eonsfoto  of  two  half  hitches  amnged  for  fastening 
a  rope  around  an  object.  It  may  be  made  in  the  middle  of  a  loxijg  rope  withbut  access  to  the 
ends,  and  will  stand  a  i>ull  from  either  direction  without  sliinung  when  once  properly  set. 
It  is  easily  undone^and  is  a  very  useful  hitch.  1.  Bepinnerg  method:  By  twisting  the 
rope  to  the  right  with  the  right  hand,  form  two  loops  m  a  figure  eight  with  the  ends  ca  the 
rope  side  by  ^e  at  the  center  and  extending  in  opposite  directions,  as  shown  in  tg,  5,963. 
By  still  further  twisting  the  right  hand  in  the  same  direction,  as  indicated  by  the  arrow  in 
fig.  6,963,  the  hitch  is  thrown  into  the  completed  form  as  shown  in  fig.,  6.964.  Put  the 
loops  over  the  object  and  puU  taut.  2.  H0nd  and  toe  methods  This  is  used  by  sailors 
for  heavy  rope.  Draw  the  rope  along  the  floor  from  Idtt  to  right  across  the  toe  of  we  right 
foot,  and  then  swing  it  around  back  again  from,  right  to  left,  forming  a  loop,  '^tb  the 
foot  torn  the  whole  loop  upside  down  and  over  to  the  left.  Then  form  a  second  loop  by 
swinging  the  rope  around  in  the  same  direction  as  before.  The  loops  will  then  be  arnmged 
as  in  fig.  6.963.  except  that  the  left  hand  rope  will  in  this  case  come  down  from  above  instead 
of  up  from  below  as  m  the  picture,  and, the  right  hand  one  will  go  from  below  upward .  Pidc 
up  tne  loops,  folding  them  together  as  in  fig.  6,964. 
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These  are  shown  in  figs.  5,958  and  6,960. 
Knots  and  hitches  are  made  by  combining  these  elements  in 
different  ways  conforming  to  the  principles  of  a  knot  given  above. 

For  example,  the  half  hitch  (fig.  6,964)  is  a  loop  arotmd  a  rope,  with 
the  free  end  locked  tinder  the  rope;  the  dove  hitch  (fig.  6,977)  consists 
of  two  loops  over  a  post;  the  sheepshank  (fig.  6,029)  is  a  round  turn  and 
two  loops;  the  bowline  knot  (fig.  6,934)  is  a  loop  with  a  bight  through 
it  and  around  the  main  rope;  and  the  weaver's  knot  (fig.  5,968)  is  the  same 
as  the  bowline  knot,  except  that  the  ends  take  a  somewhat  different 
direction. 


Figs.  6.975  to  5,977.~Clove  hitch.  ///.  Sailor'9  method.  In  this  method  the  hitch  is 
made  while  there  is  a  pull  on  the  rope,  as  in  mooring  a' boat.  Sustain  the  strain  on  the  rope 
-vrth  the  left  hand,  as  shown  in  fig.  6,975,  and  by  twisting  the  roi)e  to  the  right  with  the 
right  hand,  as  indicated  by  the  arrow,  form  a  loop  m  the  rope  and  then  roll  the  loop  over  the 
top  pf  the  post.  Move  the  left  hand  ui>  beyond  the  loop,  hold  the  rope  there,  and  with  the 
right  hand  form  a  second  loop  and  roll  it  in  place  as  shown  in  fifi^.  6,976.  Note  that  in  the 
finished  hitch,  fig.  6,977,  the  diagonal  rope  binds  both  ends  agamst  the  post. 


Pigs.  5.978  and  5,979. — Clove  hitch.  IV.  CSoioftoy's  method:  Pick  up  the  rope  with  the 
left  hand,  and  with  the  right  form  a  loop  to  be  held  by  the  left  as  shown  m  fig.  6,978.  Gnun> 
the  rope  farther  out  with  the  right  hand.  Without  releasing  the  rope  bring  the  hanas 
upwara  and  together  as  indicated  by  the  arrows  so  that  the  knuckles  ofthe  left  hand  press 
the  backs  of  the  fingers  of  the  right,  as  shown  in  fig.  6,979.  Grasp  all  the  ropes  with  either 
hand,  and  the  hitch  is  ready  for  use.  The  advantages  of  this  way  of  nuJdng  the  hitch  are 
that  m  the  first  stage  (fig.  6,978)  the  rope  is  very  conveniently  carried  in  the  field  whUe 
walking,  and  that  the  last  state  (fig.  6,979)  is  quickly  made  from  the  first. 


it,  M  in  fig.  6,083,    r>raw  to  the  left  the  _  , 

the  rope  in  the  right  hand  in  the  iame  figure ,  thuj.  „ ^ 

Turn  the  plank  qver,  drair  the  ropes  up  above  it.  join  the  t^,_, _,__,_ 

oveHiBjid  bowline  (fie.  5,084),  puO  the  bowline  tight,  at  the  SAme  tiilM  Ad juiticiB  tne  1 
'"     '  30  that  they  hold  the  plank  level,  and  the  hitch  iiliniihed  uiEown 


I  the  length 

oown  In  fifl. 

, . jnd  the  •csfloid 

.nvolvine  the  need  of  a  Biaffle  board  scaffold,  hang  tnr  a 
fold  of  this  kind  is  to  be  s^.  the  ropes  most  be  attached 


a  way  that  the  board  irill  not 


Id^h 


.    The  scaffold  hitch  fiU»  the 
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Eflfect  of  Knots. — ^A  rope  is  weakened  by  knots  because  in 
order  to  form  a  knot,  the  rope  must  be  bent  which  brings  most  of 
the  strain  on  the  outside  fibers;  the  overloading  breaks  the 


Figs.  5,986  to  5,088. — Jam  hitch.  Pass  the  cord  around  the  package,  bringiiig  the.short  end 
beyond  the  Icmg  cord  and  from  right  to  left,  as  ^own  in  fig.  5,986.  Bend  the  short  end  to 
the  right  to  form  a  bight  around  the  long  cord,  and  then  take  a  turn  arotmd  the  other  side 
of  the  bight,  as  indicated  by  the  arrow  in  fig.  6,986  and  as  shown  in  fig.  6,987.  Pass  the  end 
upward  mside  the  bight  and  next  to  the  long  cord,  as  indicated  by  the  arrow  in  fig.  6,987 
and  as  shown  in  fig.  6,988.  Pull  the  hitch  up  tightly  so  as  to  pinch  the  long  cord.  *  It  can 
now  be  ^pped  down  to  tighten  the  loop  aboiut  the  package,  and  if  the  cord  be  of  the  right 
kind  and  size  it  will  jam  and  hold.  The  jam  hitch  b  useftd  in  tying  up  light  packages,  such 
as  bundles  of  lath,  small  boxes,  roUs  of  paper,  and  the  like,  a  hitch  that  will  shde  along  a 
cold  in  one  direction,  but  will  jam  and  hold  against  moving  the  other  way,  will  be  found 
exceedingly  convenient.  The  jam  hitch  will  answer  these  requirements,  inovided  the  cord 
used  is  l^e  enough  and  of  not  too  hard  a  body  nor  too  smooth  a  surface. 


B    C 


Fig,  5,989. — Grain  binder  knot.  To  make  lay  the  ends  side  by  side  and  tie  an  oveilumd 
knot  in  them  as  in  fig.  5,989.  The  gndn  binder  knot  is  the  sunplest  way  of  jointDg  two 
ropes,  and  the  one  used  on  the  automatic  tnxkding  attachments  of  all  grain  harvesttns  ma- 
chmes.    A  disadvantagm  is  that  the  knot  is  difi^ult  to  untie  when  onoe  pulled  ti^uy. 

Pigs.  5,990  and  5,991. — Square  knot.  Cross  the  rtmes,  placing  the  right  xmder  the  left, 
wrap  the  end  of  the  left  rope  around  the  right,  and  bend  each  rope  bade  on  itself  as  in  fig. 
5,990.  Note  that  ropes  A  and  B  are  on  the  same  side  of  C.  Wrap  A  around  the  other 
rope  end,  producing  the  knot  as  in  fig.  6,991,  A  and  B  being  still  on  the  same  ade  of  C. 
The  S9uare  knot  is  most  frequently  used  of  aU  knots,  it  is  secure  when  set  and  may 
be  untied  without  difficulty.  Caution:  In  making  a  square  Imot  care  should  be  tkken  not 
to  make  a  granny  knot  by  mistake. 
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outside  fibers,  increasing  the  strain  on  the  fibers  bdow  which 
later  break  and  soon  the  entire  rope  breaks. 

From  experiment  by  Rrof.  E.  F.  Miller  the  approximate 
efficiency  of  knots,  hitdies  and  splices  is  as  given  in  the  following 
table. 

Efficiency  of  Knots,  Hitches  and  Splices 


• 

Straight 
rope 

Eye- 
splice 
over 

an 
iron 

eye 

Short 
splice 

Timber 
hitch, 

anchor 
bend 

Clove 

hitch, 

running 

bowline 

Square 

knot, 

weaver's 

knot 

Over- 
hand 
knot 

Efficiency    of    the 
knot 

100 

90 

80 

65 

60 

50 

45 

Figs.  5,002  to  5,094. — ^Harness  hitch.    Start  a  ^p  knot  by  making  a  loop  and  drawing  a 
bight  up  through  it,  as  in  fig.  5,902,  but  pull  the  oight  through  only  so  far  aa  shown  in  ns. 


5,902.  Now  take  the  lower  part  of  the  loop,  shown  touching  the  left  wrist  in  fig.  5,002, 
and  pass  it  between  the  bight  and  the  side  of  the  loop  as  indicated  by  the  arrow  in  ng.  5.002 
and  shown  in  fig.  5,004.  To  puU  the  knot  up  tightly  and  have  it  keep  its  form,  lay  it  on 
the  right  knee  or  some  other  surface  and  draw  the  new  bight  through  by  pulley  up  its  side 
toward  the  body,  as  indicated  by  the  arrows  in  fig.  5,003.  Pull  the  Imot  up  tightly,  at- 
taining the  finished  form  (fig.  5,004).  The  harneB$  hitch  is  used  by  sailors  for  making 
loops  m  a  towline.    It  does  not  wesjcen  the  rope  very  much  and  is  easily  untied. 
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Size  of  PuUqts. — A  rope,  as  it  goes  around  a  pulley,  is  con- 
tinually bending  and  straightening.  The  bending  brings  excess 
strain  on  the  outer  fibres  and  causes  the  strands  to  chafe  each 
other  at  the  center  of  the  rope.  Evidently  the  smaller  the 
pulley,  the  worse  the  chafing. 


Pigs.  6,095  to  6,097. — Miller's  knot.  Take  a  round  turn  about, the  neck  of  the  sack  or  the 
fixed  object  crossing  the  ropes  in  doing  so,  as  in  fig.  6,996.  Raise  the  main  rope  just  above 
ti^e  crossing,  pass  the  free  end  under,  as  in  fig.  6,996,  and  draw  up  tightly  (fig.  6.6)97) .  Ths 
hitch  may  be  loosened  by  grasping  either  end  of  the  rope  and  pulling  it  around  to  the  right 
or  left,  as  the  case  may  be.  tn  twing  9ack9  it  is  convenient  to  hold  the  mouth  of  the  sack 
shut  with  the  left  hand,  and  to  wrap  the  twine  around  the  sack  and  the  little  finser  of  the 
left  hand  in  mch  a  way  that  the  finger  is  in  the  place  of  the  upper  rtroe's  end  in  ng.  5,996. 
The  twine  is  brought  on  around  the  sack,  caught  by  the  fi^er,  and  drawn  back  under  the 
&Bt  wrap  of  twine  in  a  direction  dia^nally  upward  from  left  to  right.  The  miller's  knot  is 
especially  adaipted  to  tying  up  grain  and  flour  sacks;  it  is  also  useful  in  tdace  of  a  clove 
hitch  in  fastening  a  rope  to  an  object  whose  ends  cannot  be  reached,  such  as  a  post  in  a 
bam. 


Fig.  ^6,998. — Crossing  hitch.  The  purpose  of  this  hitch  is  to  prevent  8lii>piDg  at  the  cn)Gsing 
point  of  ropes  or  al  twine.  It  is  especially  useful  in  tying  up  packages,  a^  is  so  simple  as 
to  require  no  explanation. 

Figs.  6,999  and  6,000. — Blackwell  hitch.  Form  a  bight  in  the  rope  and  pass  it  under  and  back 
of  the  hook,  as  shown.  Cross  the  sides  of  the  bi^t  to  form  a  loop  about  the  shank  of  the 
hook,  passing  the  free  end  between  the  hook  and  the  main  rope  as  m  fig.  6,000.  The  Black 
well  hitch  is  useful  when  it  is  necessary  to  attach  a  rope  to  a  hook.  A  quick  and  secure 
temporary  fastening  is  the  blackwell  hitch,  which  is  simply  a  haJf  hitch  about  the  Rl>n«if  of 
the  nook. 
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Since  the  chafing  of  a  four  strand  rope  is  less  than  that  of  a 
three  strand  rope,  one  with  four  strands  should  be  used  especially 
if  small  ptdleys  be  necessary. 


Pigs.  6,001  and  6,002.— -Cat's  paw. 
Form  a  bight  in  the  rope,  grasp  the 
sides  of  the  bight,  as  shown  in  ^. 
6.001,  thtis  forming  twa  loops*  twist 
each  loop  a  ftill  turn  in  the  direction 
indicated  by  the  arrows,  and  hang  the 
loops  on  the  hook  as  in  ng.  6,002.  The 
cat  s  paw  provides  a  double  rope  where 
wear  comes,  and  permits  a  load  to  be 
carried  on  either  end  of  the  rope. 


Figs.  6,003  and  6.004. — ^Taut  line 
or  rolling  hitch.  Wrap  the  new 
roi}e  two  ftdl  turns  around  the 
taut  one,  progressing  in  a  direc- 
tion away  from  the  load  as  in 
fig.  6,003.,  Pass  the  end  up  over 
the  wmpping,  draw  it  firml)r,  and 
take  one  or  two  half  mtches 
about  the  taut  rope  between  the 
wrapping  and  the  load,  as  indi- 
cated by  the  arrow  in  ng.  6,003 
and  as  shown  in  fig.  6,004.  The 
hitch  win  not  hold  unless  the 
wrapping  and  the  half  hitch  are 
pullea  up  securely  in  the  first 
place  and  are  tightened  as  the 
strain  is  put  on  the  new  rope. 
The  taut  line  hitch  is  useful  on 
many  occasions  when  it  is  neces- 
sary to  attach  a  rope  to  another 
rope  that  is  supporting  a  load 
and  that  therefore  cannot  be 
bent.  For  instance,  if  a  strand 
break,  a  new  rope  must  be 
attached  to  the  rope  above  the 
break;  or  if  in  hauling  with  blodc 
and  tackle  on  a  rope  to  raise  a 
load  the  tackle  be  ptdled  to- 
gether without  getting  the  load 
high  enough,  a  new  rope  must  be 
attached  to  the  taut  one  near 
the  load  in  order  to  support  it 
temjxnrarily  and  to  allow  the 
tackle  to  be  extended  and  re- 
attached to  the  pull  rope  farther 
up. 
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Treatment  of  Rope  Ends. — The  process  of  btiilding  up  a 
rope  from  strands  is  called  laying  a  rope,  and  so  twisting  to- 
gether strands  that  have  become  tmtwisted  is  called  relaying, 
the  latter  process  being  shown  in  fig.  6,010. 

Whipping  consists  in  binding  the  end  of  a  rope  with  twine 
to  prevent  it  untwisting. 

Ropes  that  are  to  be  passed  through  pulley  blocks,  or  like 


Fig.  6,010. — Relaying;  In  performing  this  operation,  the  rope  is  held  in  the  left  hand,  and 
strand  No.  1  is  twisted  up  tightly  by  turning  the  right  hand  as  indicated  by  the  arrow 
around  the  wrist.  This  strand  is  then  pulled  down  snugly  into  its  place  in  the  rope  and 
is  held  there  by  pressing  the  left  thumb  on  the  point  X.  The  rope  should  not  be  turned 
in  the  left  hand.  The  next  step  is  to  grasp  strand  No.  2,  twist  it  up  tightly,  lay  it  in  snugly 
above  No.  1,  holding  it  with  the  left  thumb  by  pressing  on  a  point  on  No.  2  just  above  the 
point  X,  and  on  the  same  side  of  the  rope.  The  left  thumb  should  not  work  around  the 
rope,  but  should  move  straight  up  the  same  side.  Strand  No.  3,  is  treated  as  was  No.  2 
and  then  No.  1  is  in  place  to  be  laid  in  above  No.  3.  This  process  is  repeated  tmtil  the  end 
of  the  rope  is  reached  and  it  should  result  in  the  return  of  the  rope  to  its  original  condition 
provided  the  strands  themselves  be  not  too  badly  untwisted;  in  the  latter  event  it  is 
cheaper  to  cut  off  the  rope  than  to  try  to  relay  it. 

halter  ropes,  through  small  holes,  should  be  finished  in  this  way. 
A  method  of  doing  this  so  that  both  ends  of  the  twine  are  fastened 
by  tucking  under  the  whipping  is  shown  in  figs.  6,017  to  6,021. 

Crowning. — This  is  a  neat,  secure  and  permanent  method 
of  fastening  the  strands  of  a  rope  when  a  slight  enlargement  of 
the  end  is  not  an  objection.  Figs.  6,011  to  6,016  show  how  this 
is  done. 
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Emergency  IVlp  SUt^. — It  is  sometimes  desirable  to  use  a 
sling  that  can  be  tripped,  and  the  load  dropped,  without  slack- 
ing up  on  the  hoisting  rope  as  is  done  with  a  regular  trip  sling 
for  hay.  If  such  a  sling  be  not  at  hand,  a  substitute  may  be 
made  as  follows: 

Procure  a  piece  of  rope  of  suffident  length ,  splice  or  tie  the  ends  together 
to  make  it  endless,  draw  the  loop  out  long,  and  lay  on  it  the  mat^al  to 
be  raised.    Pull  the  sling  up  around  the  load  and  lay  one  end  of  the  slin^ 


.  is  S.017to  6,021. — Whlppiag  thB  end  of  &  rope .  To  whip;  Unfrsy  one  BtrB.oiI  o!  theiDpe 
bock  to  the  point  where  the  whippinfl  is  to  begin.  Under  this  stisnd  lav  the  twine,  lenvios 
theendcLEhtorteninchefllongaa  shown  in  fig.  0,017  and  the  relay  then  strand  into  th«  rope, 
keepins  it  twiited  up  tiahtls'.  and  puUed  bard  down  into  ita  pUca  ai  diiected  lat  reUying. 

If  «ne8pecJ»lly»ecurewhippioBMtobemade,thBtwinenia);botM"'    ' — "' -"  -  -'-- 

which  it  is  tucked;  mually  boiler,  t  '  ' 
sroun4  both  ths  ropo  and  tlia  shon  « 
to  leave  no  vacant  Ipaces  between 
bend  bock  the  short  end  of  the  tir' 
the  rope  and  besin  whijiping  ovei 
whipiiinB  as  tat  as  deaued  and  t1 
Pigs.  9fll9  and  4.020  show  steps  i 


turns.    When  at 


a  biffht  extendii 

9  long  end  of  the  twir 
aa  Hn3  fig.  0,021  the  cc 


nfig.  e.OlB.  Conlinv 
I  as  closely  as  pouibI< 
apleted  result. 


on  the  double  ropea  of  the  other  end,  as  is  done  in  fig,  fi,944.  Throw  a 
half  hitch  over  the  first  end,  as  shown  in  fig,  S,HS,  getting  the  hitch  «s 
near  the  load  as  possible  and  at  the  same  time  leaving  the  end  A  only 
long  enough  to  hold.  In.  this  case  the  two  ropes  extending  upward  in 
fig.  5,94S  would  be  joined,  forming  a  bight.  Into  this  bight  fasten  the 
hoisting  rope  and  begin  hoisting  gradually,  watching  the  hitch  to  see  that 
it  becomes  properly  set. 

If  a  trip  rope  be  fastened  at  the  point  held  by  the  left  hand  in  fig,  S,94S, 
the  hitch  may  be  tripped  by  a  sharp  pull  toward  the  right.  It  must  be 
remembered  that  this  is  only  an  em^'gency  hitch  and,  while  quite  secure 
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Care  of  Ropes. — ^Hemp  is  easily  rotted  by  the  influence  of 
damp;  hence,  if  the  ropes  have  been  used  in  the  rain  or  allowed 
to  get  into  water,  they  must  be  hung  up  to  dry.  A  beam  within 
a  shed,  some  eight  or  ten  feet  above  ground,  is  most  convenient 
for  this  purpose,  the  rope  being  passed  over  it  from  one  side  to 
another,  and  hanging  down  in  loose  festoons  on  each  side  well 


a  tampor^TV  Eubstitnte  for  a  te^da 
ftlotulof 


in  %!^,0! 


hay  to  bald  it  without  a  pole.  The  rope  tackle  shown  m  fig.  6,024  forma  such  a  tempoiair 
substitute.  Make  a  bight  in  the  rope  and  throw  a  halt  hitch  over  it,  as  described  for  the 
sheepshank  and  as  here  shown.  Through  the  haDgmo;  loop  thus  formed  pasa  the  lower  eod 
of  the  rope,  ae  indicated  by  the  arrow  in  fig.  6.023.    Tliis  gives  the  finislied  tackle  as  ahown 


oad  of  hay  and  the  bight  C.  is  caught  over  th 
of  the  wagon,  by  pulling  on  rope  £).  wecan  i 
~  a  tackle  block  and  will  greatlV  increase  the  pun  on  a.    socni 

"       "  oise  the  half  hitch  will  mil!  out.    T , .  _„^  „„ 

Lp  frequEntly  in  the  sa 


Ell  on  the  tackle  above,  otherwise  the  half  hitch  will  pull  out.    The  rope  slides  and  chafes 
ilyMB.  an'  ■    ■    ■  -        ■■  ■    - -. 


clear  of  Ike  ground.  This  facilitates  the  circulation  of  the  air 
around  each  part  of  the  rope.  On  no  account  should  a  rope  be 
coiled  up  when  wet,  as  the  internal  covered  parts  absorb  all 
the  moisture  and  quickly  rot. 

Constant  inspection  is  necessary,  as  unlooked  for  damage  may  be  occa- 
sioned by  the  partus  of  a  rope.    A  good  method  c£  inspecting  the  ii^de 
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fibres  is  hy  partially  imtwisting  the  strands  by  moving  each  hand  in  oppo- 
site directions  as  they  hold  the  rope;  this  gives  an  opportunity  of  examining 
the  under  side  of  the  strands. 

The  strain  and  chafing  cause  rupture  of  the  fibres,  whidi  must  be  seen  to. 
Much  of  this  trouble  may  be  obviated  in  the  case  of  standing  ropes  by 
using  "parcelling,"  or  chafing-gear,  of  rags,  marline  or  leather  bound 
around  the  rope  to  protect  it. 


B.  S.025  to  fl.a2Q. — Skaepahank.  Form  a  bight  and  lajr  it  asaitut  the  rope  leaviaE  below 
it  a  Konid  bisht  or  loop  as  long  as  ii  neetiful  for  reducuis  tlie  mpe  to  the  nguired  length 
as  ia  fig.  6,025.  Halding  the  firBt  biaht  with  the  right  hand,  with  the  left  hand^tbiow  a  half 
hitch  amund  it  u  indicated  by  the  arrow  in  lig.  6.025  and  ai  shawn  in  fig.  6,026.  With  the 
left  hand  grasp  the  aided  of  tbe  eecood  bight  and  with  the  right  hand  throw  a  half  hitch 


r  along  the  central  pert  in  fig.  6,028,  after  which  a  strain  may  safel/  be  p 
.  aa  if  It  were  not  cut.  It  is  said  that  this  fact  is  utiliied  by  steeple  clUi 
'    »  by  iDpes  from  towers  where  they  have  been  at  work. 


Ropes  that  have  to  be  e:tposed  to  wet  are  rendered  more  durable  by 
coating  the  yam  with  Archangel  tar  in  the  process  of  making.  This,  how- 
ever, reduces  thestrength  of  the  rope  by  one-fourth. 

It  may  be  advisable  to  state  here  that  rope  makers  generally  specify  all 
their  mantifactiu'es  in  terms  of  tkeir  circumference,  and  the  various  formula 
for  weight  and  strength  are  all  calculated  from  that  dimension.  ^d 
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FfGS.  6,030  to  6,034. — ^Hitching  tie.  Pass  the  roi)e  around  the  x>o6t  from  left  to  rijsht,  thus 
forming  a  bight.  Grasp  both  sides  of  the  bight  in  the  left  htmd,  and  with  the  right  hand 
throw  the  short  end  across  the  ropes  in  front  of  the  left  hand  as  indicated  by  the  arrow  in 
fig.  6,030,  thus  forming  a  second  oight  below  the  left  hand.  Pass  the  right  hand  through 
this  second  bight,  as  in  fig.  6,031.  and  pull  the  rope  back  through  it  to  form  a  third  bight, 
down  through  which  the  end  of  the  rope  is  passed  as  shown  in  fig.  6,032.  Pull  the  knot 
up  tightly.  There  is  a  right  way  and  a  wrong  way  to  leave  this  tie  when  hitching  to  a  plain 
post  without  a  groove,  ring,  or  crossbar  to  keep  the  rope  from  8]ix>ping  down.  If  the  knot 
be  twisted  around  to  the  right  of  the  post,  as  in  fig.  6,033,  a  pull  on  the  tie  rope  will  draw  the 
rope  tightly  about  the  post  and  will  thus  prevent  its)iirping  down;  if,  on  the  other  hand, 
he  knot  be  at  the  left,  as  in  fig.  6,034.  a  ptul  will  not  tighten  it  and  it  wiU  slip  down. 


Pigs.  6,036  to  6,038. — ^Halter  tie.  Pass  the  end  of  the  rope  upward  thitmgh  the  ring,  then 
downward  on  the  left  of  the  long  rope,  grasping  it  with  the  right  hand  and  holding  the  long 
roi>e  with  the  left  hand  as  shown  in  fig.  6,035.  Draw  the  ^id  to  the  right  andf  upward^ 
as  indicated  by  the  arrow  in  fig.  6,035,  thus  supporting  the  long  rope  as  shown  in  fig.  6,036. 
Now  pass  the  end  of  the  rope  over,  under,  and  again  over  the  long  rope,  as  indibated  by 
the  arrow  in  fig.  6,036  and  as  shown  in  fig.  6,037.  Draw  the  end  through,  as  in  fig.  6,038. 
and  set  the  knot  by  pulling  first  on  tfu^  short  end.  This  is  important.  If  the  long  rope  be 
xmlled  first  and  the  kinks  in  it  be  straightened  out,  the  tie  forms  a  slip  knot,  being  sunply 
two  half  hitches  around  the  rope,  as  in  fig.  6,957.  The  halter  tie  is  pmerred  by  some  per- 
sons to  the  hitching  tie  just  described,  for  use  in  hitching  or  in  tying  the  halter  rope  in  the 
stall.  If  properlyset,  it  is  secure  and  may  be  used  in  some  cases  in  place  of  the  underhand 
bowline  knot.  The  halter  tie  should  never  be  used  around  a  horse's  nedc,  because  if  the 
tie  be  not  set  up  correctly  it  forms  a  slip  knot  and  its  use  might  result  in  strangulation  of 
the  animal. 
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Rope  Transmission. — There  are  two  distinct  systems  of 
rope  drive, 

1 .  The  multiple  or  English  system. 

2.  The  continuous  or  American  system. 

Each  of  these  has  its  advocates,  certain  sections  of  the  country 
adopting  one  and  condemning  the  other. 

The  mutliple  system  is  the  simpler  and  consists  of  one  or 


Fig.  6,039. — Multiple  drive  for  cotton  mill,  transmitting  power  from  one  main  driymg  jnalley 
to  several  shafts  located  in  different  flows.  Bach  rope  transmission  may  consist  of  one 
or  more  indei)endent  ropes,  according  to  the  amount  oi  power  to  be  transmitted. 


more  independent  ropes,  running  side  by  side  in  the  grooves  of 
the  pulleys. 

This  system  is  especially  adopted  to  the  transmission  of  large  powers^ 
and  gives  the  very  best  results  for  drives  protected  from  the  weather,  when 
the  shafts  are  parallel  or  nearly  so,  and  where  the  drive  is  sufficiently 
off  the  vertical  to  prevent  ropes,  when  slack,  leaving  the  grooves  of  the 
lower  sheave.  With  this  system  the  drive  has  the  greatest  security  against 
breakdowns,  because  of  the  extreme  unlikelihood  of  more  than  one  rope 
giving  way  at  the  same  time. 
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When  a,  failure  does  occur,  the  individual  rope  may  be  removed  aud 
repaired  at  some  convenient  time. 

Again  power  may  be  more  easily  carried  to  the  different  floors  of  a  mill; 
Ihe  amount  of  power  transmitted  may  be  more  readily  increased  by  the 
addition  of  new  ropes;  the  rope  always  bending  in  Uie  same  direction, 
has  lon|[er  life  than  m  the  continuous  system;  finally  it  is  cheaper  to  install 
and  maintain. 
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In  the  continuous  system, 
one  rope  is  wound  around 
the  driving  and  driven  pul- 
leys   several    times.     With 
this  system  it  is  necessary 
by  some  device  to  conduct 
the   rope   from   an  outside 
groove  of  the  delivering,  to 
the  opposite  outside  groove 
of  the  receiving  pulley,  this 
transfer  being  accomplished 
by   means    of   a    travelling 
tension   carriage    or   "jockey" 
produce  a  uniform  tension  thr 
and  is  so  arranged  as  to  travt 
automatically  regulatii^   the 
occur  from  stretch  in  rope ,  inequ 

The  slack  should  be  taken  care  t 
laies  which  is  on  the  slack  side  ( 
driven  pulley. 

This  may  be  dtme  in  two  ways: 
rope  from  an,  outside  groove  of  thi 
sheave,  and,  after  passing  around 
opposite  outside  groove  of  the  drive 
it  from  the  driver,  the  rope  beiuj 
groove  which  is  a  loose  or  indep< 
tension  sheave  and  thence  returned 
groove  of  the  driver  pulley.  Thei 
of  considerable  variation. 

The  continuous  sj^tem  is  especia 
and  quarter  turn  diives,  where  shs 
eadi  other,  where  rope  is  exposed  t 
any  special  case  of  complicated  tra 

Pic.  6.043.— Continumu  vertica]  drive;  III,  teosi 
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in  the  compoimd  wrap  system  both  the  driving  and  driven 
pulleys  have  accompanying  idlers.  The  rope  is  wrapped  several 
times  around  the  driver  and  its  idler^  thence  conducted  to  the 
driven  in  one  or  more  parts,  and  there  wrapped  as  before  around 
the  driven  and  its  accompanying  idler  as  shown  in  fig.  6,043. 
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RnnA    ShBavaaanH  f^vvunaif. 


PlO.  0,044. — Ouwtei  turn  drive;  teoMoo  taktn  from  Bod  rttumcd  K 
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In  regard  to  the  shape  of  the  groove  all  driving  and  driven 
sheaves  ^ould  be  turned  with  a  wedge  or  V-shape  groove,  of 
such  size  and  depth  that  the  rope  can  never  touch  the  bottcan. 
In  practice  the  best  results  are  obtained  with  an  angle  of  45°. 

Idler  or  carrier  pulleys  are  provided  with  V-shaped  grooves. 

Since  in  the  continuous  system  the  rope  is  kept  taut,  it  is  not  so  apt  to 
jump  from  the  groove  which  can  therefore  be  made  more  shallow  than  for 
the  multiple  system,  in  fact  many  drives  are  now  running  where  the  rope 
extends  beyond  the  flanges  of  the  grooves. 


^ 


Figs.  8,047  and  6,048.— Two  rtyles  of  woridog  aroove.  It  will  be  noted  that  while  the 
analeof  tfroove  in  bothliBures  I9  4S*,  the  sides  oi  the  groove  in  fig-  6,047  are  st^aisht,  and 
those  in  fia.  6.049  are  arcs  of  drcHa.  having  radii  proportional  to  the  diameter  of.toe  ropes 
to  be  used.  The  sides  are  thus  cuived  ta  assure  the  rope  levotving  m  tbe'stoova,  a  con- 
dition aought  by  the  practicsl  mill  man  M  it  causes  unifonn  wear. 


Pig.  6.040. — Groove  for  idlen  as  used  in  the  multiple  t 


revolves  in  the  groove.  In  the  construction  of  a  rope  sheave,  special  c 
must  be  taken  in  turning  the  grooves  to  secure  the  same  pitch  Ime  in  each  in 
order  to  avoid  creeping  of  the  rope.  In  badly  turned  grooves  this  slack 
or  creep  can  be  noticai  to  travel  from  one  groove  to  another;  while  in 
the  multiple  system  irregularities  in  pitch  line  are  shown  by  certain  ropes 
being  taut  upon  the  slack  side  and  slack  upon  the  driving.  This  feature 
however  may  ewst  from  other  causes  than  variations  in  pitch  as  &  new 
rope  which  is  placed  upon  a  drive  with  older  ones,  being  larger  in  diameter, 
will  sometimes  run  in  this  manner  for  a  few  days,  until  stretched  to  the 
same  diameter  as  its  companions. 

s  the  slightest  roughness 
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Transmission  Rope* — ^To  facilitate  computation  as  well 
as  for  convenient  ixxformation  for  transmission  rope  users,  the 
following  table  is  given: 

Properties  of  Transmission  Rope 


18 


5625 
7656 

2656 

5625 

8906 

25 

6406 

0625 

0625 
25 


21 

27 

.36 

45 

56 
68 
80 
92 
08 
40 
80 
20 


3,950 

5,400 

7,000 

8,900 

10,900 

13,200 

15.700 

18,500 

21,400 

28,000 

3^,400 

43,700 


112 
153 

200 
253 
312 
378 
450 
528 
612 
800 
1,012 
M50 


LMSth  of  Splio*. 


6 
6 
7 
7 
7 
8 
8 
8 
8 
9 
9 
10 


1 


8 
8 

10 
10 
10 
12 
12 
12 
12 
14 
14 
16 


I 


14 
16 
16 
16 
18 
18 
18 
20 
20 
22 


28 
32 
36 
40 
46 
50 
54 
60 
64 
72 
82 
90 


S 


760 
650 
570 
510 
460 
415 
380 
344 
330 
290 
255 
230 


Weight  of  rope  « .34Xdiam.2 
Breakiixg  stren|jth=7,000Xdiam.2 
Maximum  tension = 200 Xdiam, 3 


Diam.  smallest 
practicable  pulley  =  36  X  diam. 
Velocity  of  rope  (assumed) »  5,400ft, 
permin. 


Horse  Power. — For  convenience  in  determining  the  horse 
power  that  single  ropes  of  different  diameters  will  transmit, 
the  following  table  is  given. 

Horse  Power  of  Manila  Rope 


\t 

V*l«ett]r.  PcM  per  Mlqatw                                         1 

1^ 

■ 

1^ 

1.B00 

fjon 

t.800 

S.O0O 

8J00 

4,000 

^ 

ft,OOQ 

NftOO 

&0U> 

% 

2.3, 

3J3 

4.3 

5.2 

6.0 

6.6 

7.2 

7A 

74 

7.3 

6.9 

8.0' 

4.5 

5.9 

7Xi 

8:2 

9.0 

9.6 

9;8 

lao 

9.6 

9.0 

4.0 

5.0 

7.7 

9.2 

10.6 

11.8 

12.7 

12.9 

13.0 

12.7 

12.0 

}j< 

5.0 

7.6 

97 

116 

13.5 

14.9 

16.0 

16.3 

16.7 

16.5 

15.3 

6.3 

01 

12.0 

14  3 

167 

18.5 

20.0 

20.2 

207 

20.1 

I8.tf 

\yi 

7.5 

10.8 

14.4 

174 

20.0 

22.1 

237 

24.5 

24.6 

24.0 

22.3 

l^ 

9.0 

13.5 

17.4 

20.7 

23.0 

26.3 

287 

29.0 

29.5 

28.6 

26.7 

\Q 

10.5 

15.5 

20.1 

•24.3 

27.9 

30.8 

32.9 

341 

34.3 

33.3 

31j0 

iw 

12.3 

18.0 

23.6 

28.2 

32.7 

36.4 

38.5 

39.4 

40.5 

38.7 

36.0 

2 

16.0 

23.2 

30.6 

36.8 

42.5 

46.7 

5aD 

51.7 

52.8 

50.6 

47.3 

2U 

200 

29.6 

38.6 

46.6 

53.0 

50.2 

63.6 

65.8 

66.3 

64.4 

60.3 

23 

25.0 

36.6 

47.7 

57.5 

66.0 

71.2 

78  0 

80.0 

81.0 

79.0 

73.8 
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Sag. — For  drives  where  shafts  are  at  different  elevations,  the 
sag  will  have  to  be  worked  out  in  each  particular  case,  but  for 
horizoatal  drives  the  approximate  sag  may  be  detenmned  by  the 
following  formula; 


driving  Mde  -  weight  X(diBUoce  bat.  dwaveB)'  _ 


Sag 

The  assun*d  tension 


.{!) 


i  taken  as  200  Kdiam.i 


I  lope.     It  u  made  u  thrM,  [mir  and  oi  (tand* 
oE  the  Philippioe  Islands.    For  ■ishU  drive*  under 

%  in.,  or  where  the  lope  iiiubiecCto  much  bending,  the  3  strand  rope  is  euitablei  for  luge 

diivea  the  1  or  6  strand  with  the  um  core  should  be  tued. 

The  following  table  gives  the  sag  on  driving  and  slack  sides: 


SM'A" 

s...........                      II 

^E'- 

XM 

>SM 

i.Mi 

.^.uo 

30 

.19 

.45 

.39 

.3fl 

,33 

.30 

40 

.34 

m 

.59 

.53 

.53 

1.2 

1.1 

1.0 

.92 

.84 

eo 

.78 

1,8 

1.7 

1.4 

1,3 

1.2 

70 

1.0 

80 

1.4 

2.9 

2.5 

2J 

2.1 

90 

1.7 

4.0 

3,2 

3.0 

2.7 

2.1 

3.0 

7,2 

6.2 

5,7 

5,3 

4.8 

HO 

4.1 

9.9 

7.2 

0.0 

11,1 

10.2 
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Figs.  6,053  to  6,056a. — Short  splice.  Untwist,  the  strands  at  one  end  of  each  rope  for  a 
length  of  six  to  fifteen  inches  or  mote,  depending  on  the  size  of  the  rope.  Butt  these  ends 
tightly  together  as  in  fig.  6.053,  laying  each  strand  of  each  end  between  two  strands  from 
the  other  end,  as  strand  A,  is  between  strands  B  and  D;  C  between  D  and  P,  and  so  on. 
This  process  is  called  locking  the  strands.  With  a  simple  overhand  knot,  tie  each  strand 
of  one  rope  to  the  corresponding  strand  of  the  other  rope,  as  A  and  B  in  ng*  6,064.  Note 
particularly  the  way  in  which  this  knot  is  tied.  The  black  strand  just  beyond  the  white 
one  is  the  oorreq>onding  one  for  that  white  strand,  as  A  corresponds  to  B  while  D  does 
not.  The  knots  being  all  pulled  down,  the  splice  appears  as  in  fig.  6,055.  Give  each 
strand  of  the  left  rope  one  tuck  toward  the  right,  as  described  for  splicing  back  the  ends 
in  crowning  (fig.  6,055).  The  splice  will  now  appear  as  shown  in  fig.  6,056.  Tuck  each 
of  the  other  three  strands  once  to  the  left.  The  splice  will  hold  if  carried  no  farther,  and 
therefore  if  only  a  rough  job  is  desired  the  strands  may  now  be  cut  about  one  quarter  or 
even  one  half  inch  from  the  rope.  If  a  nicely  finished  job  be  desired,  finished  the  splice 
as  directed  for  fig.  6,056  and  6,056a  giving  the  result  shown  in  fig.  6,056a.  As  all  the  strands 
of  one  rope  are  woven  into  the  other  rope  at  one  place,  the  rope  at  that  place  is  six  strands 
thick  and  the  splice  is  of  necessity  considerably  larger  than  the  original  rope,  hence  short 
splice  will  not  nm  through  pulley  blocks. 


A 
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Vjgs,  6,058  to  6,064. — ^Long  splice.  /  ^  three  strand  rope.  Unlay  only  one  strand  of  each  rope; 
18  ins.  for  H  m.  rope;  24  ins.  for  ^  in.  rope;  30  ins.  for  3i  rope;  36  ins.  for  1  in.  rope,  etc. 
Lock  and  draw  the  end  of  the  ropes  tight  together  as  in  fig.  6,057,  having  the  single  strands 
A  and  B  side  by  side .  Taking  care  not  to  let  the  ends  of  tne  ^ropes  separate,  unlay  strand  A, 
give  its  rope  one  turn  and  follow  it  with  strand  B .  Keep  B  twisted  up  tightly  and  xnilled  down 
firmly  into  its  place  (as  explained  for  relaying  fig.  6.010).  Continue  until  only  six  to  9  ins. 
of  strand  B  is  left  out  (fig.  6,058)  depending  on  the  size  of  the  rope.  Now  untwist  the 
two  pairs  of  strands  left  at  the  center  and  lock  them  as  in  fig.  6,059,  C,  between  D  and  P. 
and  P.  between  C  and  B.  Unlay  toward  the  left  strand  D,  and  follow  it  with  C,  as  was 
done  toward  the  right  with  strands  A  and  B.,  Do  not  mistake  and  unlay  P,  instead  of  I> 
and  follow  it  with  C;  this  will  cause  trouble  if  done.  (Continue  until  strand  C,  is  only  six 
to  nine  inches  long.  The  breaks  in  the  strands  are  now  separated  as  shown  in  fig.  6,060. 
Bach  pair  of  strands  is  now  to  be  tied  and  the  end  of  each  strand  tucked.  Some  of  the 
strands  will  be  too  long  as  at  1.  fig.  6,061.    Cut  all  strands  to  the  length  of  the  shorter. 
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Figs.  6.067  to  6,064.— Text  continued. 

Arrange  each  pair  so  that  the  strand  from  the  left  is  in  front  of  the  strand  from  the  rig^ht; 
that  is,  arrange  the  strands  so  they  cannot  untwist  from  the  rope  without  first  uncrossing 
(see  2,  fig.  6,061).  Tie  an  overhand  knot,  as  at  3,  fig.  6,061,  and  pull  it  down  tightly  into 
the  rope.  Each  strand  is  now  tucked,  as  at  4,  5,  and  6,  fig.  6,062,  in  the  same  way  as  for 
crownmg  (figs.  6,014  to  6,016).  At  6  (fig.  6.062),  untwist  each  strand  before  pulling 
down,  as  for  A,  in  fig.  6,015.  Tuck  each  strand  twice  more  (see  7  and  8,  fig.  6,063),  taper- 
ing the  ends  if  desired,  and  cut  the  end  one  quarter  inch  long  (as  at  9,  fig.  6,064).  With 
a  round  stick  pound  down  each  part  of  the  splice  and  roll  it  on  the  floor  under  the  foot. 
The  long  apitee  is  used  to  secure  a  joint  not  so  bulky  as  the  short  splice,  and  one  that 
will  run  through  pulley  blocks,  the  strands  are  untwisted  for  a  longer  distance  and  the 
splice  is  so  made  that  each  pair  of  strands  is  joined  in  a  separate  place  in  the  rope  instead 
of  all  at  one,  place  .^  In  a  three  strand  rope  the  greatest  number  of  strands  at  any  place 
in  the  splice  is  four  instead  of  six  as  in  a  shut  splice. 
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NOTE.— JWonilati 


1»  cknely  enfolded  by  long  leavei,  and  from  theee ^leaves . 


.  to  toe  requiiimaiU  of  _  _,  _ .       .__ , 

le  leavn  attain  a  length  of  eighteea  feet.    Ite  tenule  stnngth 


nd  from  theee  leavee  a  procured  the  fibfe  u  wonderfulW 
Thu  flbn  VBiicB  in  tbe  bnath  f  mm  dx  to  twelve  feet  uid 
eea  feet.    Ite  tenule  stnngth  u  renurimUe,  officia]  tMtt 


Watertown,  Men.,  have  proved  it  to  be  in  eiceu  of  50,000  poundi  per  h.  in.  Thia  great 
length,  bovever*  ia  ihown  only  when  the  ftbrea  aie  eubjected  to  a  vtroightaway  or  loiui- 
idioal  Btnin.  tnnsverady.  owing  to  their  cellular  formation,  the  Gbnii  ore  relatively  wsk. 


atrength,  bovever*  ia  ihown  only    when  the  ftbrea 

in  muHifactuiing  tranmiiuon  lopea,  toe 

IT  reeultoig  f  rom  too 


proportion  <it  twiit,  ^  boto  the  yonu  and  the  atiandi.  ■■  to  render  tha  rop«  leoit  vi 
^ ! ■.._       I  ..  ....  ijictiona' "" "'~~  ' —  "" " 


. le  poning  over  the  pnlleyi.    Portoer, 

this  correct  proiitnijon  of  twist  u  eseentiel  in  order  to  aseure  tos  rope  ""'"'■'"■"g  ita  pnner 

Ct  in  aerviu.  To  af^romplito  this,  the  fibrea  when  mntnng  the  yams  are  ftret 
Hsht .  next  the  yaniB  when  moldng  the  stranda  are  twioted  to  the  left ,  ajod  lastly, 
an.  twisted  together  in  a  right  hand  direction,  to  form  the  finished  rope.  Trans- 
«  is  made  with  tluH.  four  or  six  gtrandB,  the  four  and  aix  Btrond  rope*  having  on 
or  heart,  around  which  tha  outer  strands  are  laid.  For  email  drive*,  where  the 
rope  ia  less  than  ^  inch,  or  where  the  rope  is  subject  to  mu^  bending,  toe  threfr- 
Bivea  cicellerit  renilta.  lending  itoelf  readily  to  abrupt  turns-  Por  the  wge  drives 
i  six  strands  ore  preferredi  bei^  more  nearly  circular,  and  ^  greater  croos  section, 
a  larger  surface  of  contact  in  tlu  groove. — Asuricait  Mfg.  Co. 
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md  rope.    The  fint  st 


pUce.     //.  /( ..,.,     , 

te  Bbomi  in  6s>  O.O^^  h°<1  e.063.      Tha  Gist 

IT  a  foot  faither  than  for  aa  plice  in  a  three  stiaod  rope. 

jt  the  center  and  lock  them,  aa  m  fig.  8,067.    Unlay  toward 

Jt  itrand  D,  and  follow  it  with  C.  leaving  E.  P.  G  and  H.  at  the  center  |aee  fig.  6,( 
Po&ow  the  inrtnictiona  for  this  part  of  the  work  u  given  tor  the  three  stmndBpUce.  1 
DBlay  Btnnd  P,  toward  the  left  and  foOow  it  with  B  for  one  third  the  diitance  from 
unter  to  where  etranda  C  and  D  are  left.  Run  G  and  H  an  equal  dutanes  toward 
Cot  all  the  lonfC  eadi  to  the  length  of  the  ahorteit  strand  si  in  fig,  6,069. 
■ ■*    ■  ;plained  for  figs.  a.061  to  e.06t. 
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Fig.  6,070  and  6,071. — ^How  to  renew  a  broken  strand.  XJnlay  each  end  of  the  strand  9  to 
18  ins.,  depending  on  the  size  of  the  rope.  Procure  a  new  strand  of  sufficient  length  and 
l&y  it  in  as  directed  for  fig.  6,058.  Tie  the  strand  and  tuck  the  ends,  as  directed  lor  figs. 
6,061  to  6.064. 


Pigs.  6,072  to  6,077. — ^Bye  or  side  splice  for  forming  an  eye  or  lo<n>  in  the  end  of  a  rope.  Un- 
twist the  strands  of  the  rope  end  6  to  15  ins.  or  more,  depending  on  the  size  of  the  rope. 
Select  as  No.  1,  the  strand  that  is  on  the  top  of  the  rope  and  in  the  middle  between  the 
other  two  strands.  Raise  a  strand  on  the  top  of  the  solid  rope  and  pass  No.  1  under  it 
diagonally  to  the  right  as  in  fig.  6,072.  PuU  it  up  securely. ,  Turn  the  two  ropes  over 
to  the  position  shown  in  fig.  6,073.  Raise  the  next,strand  on  this  side  of  the  one  firat  raised 
and  tuck  No.  2  under  it  away  from  the  body  as  in  fig.  6,073.,  When  the  marline  roike 
is  inserted  for  this  tuck,  it  comes  out  where  strand  No.  1  went  in,  as  shown  in  fig.  6,072. 
Turn  the  ropes  back  to  their  original  position  (fig.  6 ,074) .  Strand  No .  3  is  now  to  be  tucked. 
This  strandTis  inserted  at  the^place, where  No.  1  comes  through,  as  shown  in  fig.  6,074;  it 
comes  out  where  No.  2  starts  in,  as  indicated  in  fig.  6,072  where  the  spike  is  shown  inserted 
for  tucking  No.  3.  Pull  the  splice  up  firmly  and  then  proceed  to  splice  the  ends  into  the 
solid  rope,  as  shown  in  figs.  6,075  to  6,077,  in  precisely  the  same  maimer  as  was  eiqplained 
for  figs.  6.014  to  6,016.    Pound  the  splice  and  roll  it  under  the  foot. 
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[,  The  rope  is  (int  placed  a 
auiea  laui      -^ -■-  -'--■'■' 

St  on  sM 


I  should  p 

IdentTliclc  k 
,  M,  crotch  H 


Pip.  6,070.— Bnglish 


a.  6,070.— Bnglish  transmission  splm  tl.— Having  itmo 
in  Gs.  6.07S),  unlay  tbe  two  strands  a  and  8,  sCiU  in  pain, 
A,  the  etraoda  1  Bnd_3,  also  in  pairs,,  being  carefully  laid  : 


.  , ^ ...  ;hsir  place.     Neit  unlay  the 

replsong  tbem  ai  before  with  3  and  4.    The  ntpe  is  now 
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Transmission  Rope  Splidi^. — At  least  95%  of  the  troubles 
complained  of  ia  rope  drives  are  directly  caused  by  bad  spliciug 
notwithstanding  that  to  make  a  proper  transmission  splice  is 
a  very  simple  operation,  the  idea  havii^  once  been  grasped. 
The  essential  points  in  a  transmission  splice  are: 

1.  Its  diameter  must  be  the  same  as  that  of  the  original  rope, 

2.  It  must  be  smooth  and  free  from  lumps. 

3.  The  original  lay  of  strands  and  yams  must  be  disturbed  as 
little  as  possible. 

4.  Where  the  several  strands  are  rejoined,  each  fastenii^ 
or  "tuck"  should  be  so  made  as  to  prevent  its  wearing  away  and 
the  rope  unstranding. 


Pig.  B.OBO. — Bnalbh  trsnsmission  aiilice  II!.  The  pair  of  atrsnds  1  and  3  having  been 
■eparated.  3  isleftat  A,  as  companion  tor  fl.  strand  1  being  carefully  laid  in  place  on  strand 
8  until  they  mveC  at  point  B.  The  two  pairs  of  strands  2-4  and  5-7  are  now  sepanted 
and  laid  in  the  same  mamier,  csra  being  talcEn,  while  thua  putliag  the  rope  tc«ether.  that 
origiiial  twist  and  lay  of  strand  is  maintaiaed.  The  protmding  corea  an  now  cut  oS  CO 
that  the  ends,  when  pushed  back  in  rope,  butt  together,  the  rope  now  appearing  as  above. 
Alter  the  eight  strands  have  been  cut  to  convenient  working  leogths  (about  S  ft-),  the  com- 
panion Btranda  are  ready  to  be  fastened  together  and  iuiktd. 

The  English  transmission  sphce  is  considered  the  best  splice  known  and  is 
the  one  here  described,  the  example  taken  and  illustrated  in  the  acctnn- 
panyinj;  cut  being  a.  four  strand  rope  l^ins.  diam.  as  spliced  on  sheaves 
in  the  multiple  eysteni. 

In  Splicing,  when  tucking  the  half  strands  through  the  rope, 
be  careful  not  to  split  the  core.  A  wooden  marlin  spike  or  '  'fid" 
is  less  apt  to  do  this  than  one  made  of  metal,  and  ia  prefCTable 
for  splicing  transmission  ropes. 

Lin  tucking  the  half  strands  one  about  the  oiher,  not  less  than 
three  or  more  than  five  turns  should  be  made. 
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When  dividing  a  strand  let  the  cover  half,  which  is  left  be- 
hind at  the  lock,  contain  several  more  yams  than  are  in  the 
half  strand  with  which  the  tuck  is  to  be  made,  in  order  that  the 
hand  made  knots  shall  not  be  larger  than  the  original  machine 
laid  strand.  When  tying  half  strands  do  not  make  the  first 
knot  midway  between  the  "locks,"  but  tie  close  to  the  cover 
yams,  and  securely  lock  the  first  half  strand  before  beginning 
to  wind  the  second  one  about  it.  ,     . 


s.  S.OSl  and  6.082.— English  transmission  splice  IV.  The  dperation  of  twJaoe  is  described 
n  strands  2  and  7,  the  method  being  identical  for  the  other  three  pairs.  In  6g.  6,081 
olay  2,ana  7  for  about  12  to  1*  ins.Tdivide  each  strand  in  half  by  removina  its  cover  yams 
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When,  ropes  are  to  be  taken  up,  do  not  cut  out  splice ,  unless  there  be  ample 
slack  to  allow  for  an  entire  new  one.  The  English  splice,  when  well  made 
can  be  "backed  out"  with  very  little  loss  of  rope. 

Old  ropes  when  taken  up  should  not  be  spliced  on  sheaves  as  taut  as 
when  new,  When  splicing  in  the  Continuous  System,  do  not  draw  ten- 
don carnage  to  extreme  end  of  track;  allow  short  distance  for  contraction- 


FiGs.  S,083  and  8,084.— English  transmission  splice  V.     Tivide  coyer  yams  7  and  psssE' 

thB  core,  thus 'lockinaZ'  (fig.  6,083).  In  no  ectnl  must  2'  br  pi.'sfj  oner  tlitse  or'  any  otiur 
strands.  Half  stmnd  T'  must  now  be  taten  care  of.  At  the  right  of  the  knot  made  with 
y  and  T.  2"  ii  slightly  raised  with  a  marlin  ipike,  and  V  passed  or  tuclied  around  it  two  or 
th™,  tiroM.  these  two  half  Ktr»nds  fniming  in  this  yiB.y  a  whole  strand.  Half  strand  T 
e  yants  are  divided  and  7'  passed  through  them 
ds,  forming  again  the  locli.  The  strand  endt  at 
,  2  ins,,  so  that  the  yams  may  draw  aUahtly  with- 
igofonepairofBlrandBlfiE. 8,084),  TTie  remain- 
After  the  rope  has  been  in  service  a  fev  days,  the 

..„ ^ tucla  have  bGen  made  CBTEfuIly,  and  original  twist 

preserved,  the  diameter  of  the  rope  will  not  be  increased,  nor  can  the  aplice  be 
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Wire  Ropes. — If  made  flexible,  that  is,  with  a  hemp  core  to 
each  strand  and  a  central  hemp  core  to  the  rope  itself  as  well, 
wire  ropes  will  stand  a  strain  in  lbs.  approximately  equal  to 
the  square  c^  the  circumference  in  inches  multiplied  by  600. 


id  groove.    Before 

ui>v.u  oiK^iCh  u  possible  with  tackle,  when  measunns  on  iheavea,  but  da  not  stretch  the 
life  from  the  rope  by  nibjectins  it  to  abnoraul  atrain  for  days  before  putting  it  in  service. 
Benra  tha  old  aulof  wt»  has  been  spUcing  ropes  all  his  lite.  and.  of  course,  ^oioifb  it  all"; 
bia  ihqi  splice  is  fatal  to  a  tmiBmimon  rope,  not  ii  there  any  couplinB  device  vhich  is  satis- 
factory..  Whera  tnasy  ropes  are  to  be  installed  on  laiBe  dieavea  for  tlw  mtillipU  sysUm, 
the  flnt  rope  is  spliced  and  sprung  into  the  outer  groove  of  each  sheave.  A  vedge  is  then 
(daced  on  botll  sheaves  at  the  potdt  where  the  rope  enten  this  groove,  and  as  the  shesves 
are  slonrly  revolved,  the  rope  is  forced  into  the  second  piooves.  The  wedHes  are  in  turn 
*  "    ■■  ...  -     -   -    ' —--lie  the  next  rope  la  being  sprung  in  place  in  the  first 

revoivma  oi  tne  sncavcs  the  first  rope  IS  forced  into  the  third  grooves.    This 

^ nued  untu  the  first  rooe  has  reached  the  middle  (troove,  nhen  the  remaining 

iDpes  are  put  01 


dS,  tied  with  ma 
-  IS  unlaid,  the ( 


!.— A  >ff<  R)^  mar  be  sidiced  in  practicanr  tha  lame  IE 

sH  niet.  or  prwortionateb' longer  lor  larger  wires,  is  mai ,  „„. ._ . 

uid  unlaid  as  with  npB,  the  core  being  cut  out.  As  the  strand  in  one  rope  is  unlaid .  the  corre- 
spondins  strand  from  the  other  is  kill  in  ita  place;  each  meeting  point  should  be  temporarily 
tied,  and  thecnds  cutoff  to  kvniilsT  length.  Care  nmst  be  taken  that  the  succeedini;  pairs  i^ 
strands  atop  well  short  of  the  preceding  ones.  When  all  tbe  paiis  of  strands  are  tied  and  in 
place,  the  rope  should  be  taken  to  a  viae  and  untwisted  by  band  beyond  the  outside  pair  oE 
strands.  As  tbe  tope  opens,  an  assistant  with  nippers  must  cut  the  core,  and  as  he  ttowly 
pulls  it  out,  the  operatormusttoDow  with  the  wire  end.  tucking  it  into  place,  rheropeislhen 
aUonred  to  close  on  itself,  and  untwisted  further  along,  pullug  the  core  outin  the  opposite 
direddon  and  crowding  the  wire  into  its  ptece.  These  operations  are  perforeied  in  succession 
at  each  meeting  piece  of  two  strands;  the  rope  being  hammered  lightlv  with  wooden  msllcts 
at  the  spliced  pamts  to  make  all  lie  smooth.  Some  seamen  simply  tuct  the  cods  through  the 
centre  and  out  the  other  side,  cutting  the  protruding  wires:  this,  however,  is  not  such  a 
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That  is  to  say,  a  rope  tenned  "three-quarters,"  that  is,  with  a 
diameter  of  about  %  inch  and  a  circumference  of  2)4,  inches,  will 
stand  safely  3037.5  lbs.,  having  then  a  factor  of  safety  of  seven . 
Wire  ropes  need  to  be  kept  clean  from  rust,  etc. ,  and  should  be 
lubricated  when  running;  graphite  being  as  good  as  anything. 
Once  a  month  the  rope  requires  to  be  carefully  oiled  with  raw 
linseed  oil,  well  rubbed  in. 

So  called  flexible  wire  ropes  should  not  te  vmrked  around  a  sheave  ot  drum 
having  a  less  diameter  than  six  times  the  girth  of  the  rope;  harder  and 
stronger  ropes,  such  as  are  used  for  winding  from  great  depths,  should  not 


e.OsB.^Toole  required  £o 


Cover  any  wheel  of  a 
es  are  for  ropes  worked  at  a  slow  speed  only;  lor  each  increase  m  ^>eed 
the  pulley  should  also  be  enlarged.    This  must  specially  be  insisted  upon 
....  .■ J  i.-,._  ^riwhidicaseitiaadvisabletoexacttenasanunimum 


How  to  Splice  Wire  Rope. — The  accompanying  series  of 
cuts  illustrating  the  splicing  of  wire  rope  are  from  photographs 
taken  during  the  splicing  of  a  one  inch  diameter  regular  lay 
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rope,  with  six  strands  and  a  hemp  center,  and  are  intended  to 
cover  every  part  of  the  work. 

The  making  of  rope  splices  at  mines,  and  other  places  of  op- 
eration, is  usually  intrusted  to  men  who  possess  some  mechan- 
ical skill  and  facility  in  handling  tools.  It  follows,  as  a  matter 
of  course,  that  the  higher  the  degree  of  skill  and  care  employed, 
the  more  satisfactory  will  be  the  result,  and  it  would,  therefore, 


Pk.  6,0ST.—Spllclag  Wire  Hop**,  I.  Mensim  back  from  tlie  ends  which  are  to  be  spliced  for  a 
diatance  of  ten  feet.    At  these  poiTits  bind  pieces  of  wire  firmly  an>und.  the  rope  to  prevent 

'  *1inTH*-fr*f  under  cooudoration,  thai  is,  one  inch.  Upon  smaller  mpea  the  distance  may  be 
llightl]'  decmised,  and  with  those  larger  than  one  inch  an  additional  aUotvance  is  odvis- 
atue.  After  the  wins  have  been  bound  around  the  rope,  in  the  manner  directed,  imlsy 
three  alternate  straodi  at  each  end  back  to  these  binding  wires.  It  is  important  that  the 
strandsshouldbealtemate.  that  is,  if  we  assume  them  numbered  in  regular  order  from  No.  1 
to  No.  6  and  No.  1  is  nnlaid  Br^t.  the  neit  to  be  unlaid  should  be  No.  3  and  not  No.  2. 
The  illustration  shows  the  rope  after  the  three  strands  have  been  unlaid. 

be  well  for  those  who  are  entirely  lacking  in  experience  to  make 
one  or  two  practice  splices  before  attempting  to  spUce  a  rope 
which  will  be  subjected  to  severe  conditions  in  actual  use. 
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Fig.  6,O88.-7^!pIMn0, 1.    Cut  off  at  each  end  ot  the  rope  the  three  strands  which>bave 


Fig.  e.OSe.— ^Ifcfna,  3,    Separate  the 
point  where  the  other  strands  were  cut 


. This  will  make  each  ot  the  two  ends  of  the 

.,-.jted  from  each  other  far  a  digtasca  of  tea  feat.    The  hemp 
each  end  as  sbowo. 
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if  the  rope  thus  piepared  face  to  face,  so  that 
lock  resulorlv  with  each  other  in  &  manner 

th™  o£  the  Dtiiel,  Eiicii  rfHiesB  strands  must  be  laid  into  the  rope  for  its  full  length  as 
illustrated  in  the  cut  foUnwing.  Temporary  bindinga  o£  wire  should  be  made  around  the 
straods  wheni  they  intetiack  to  hold  them  m  position  for  the  Bubsequent  operationa. 


Pw.  e.Ml.— >a>Ucln«,  (.    Ookv  any  one  strand  A,  and  follow  up  mtb  strand  No.  1  h 

the  other  end.  keeping  it  tightly  in  the  open  groove  left  by  the  unwinding  of  A,  ntak 
Xho  twist  of  the  strand  agree  with  the  lay  of  the  open  groove. 
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If  the  first  rfEort  fail  to  produce  a  good  result,  a  review  of 
the  work,  companng  it  with  the  illustrations  and  instructions, 
will  show  where  the  mistake  was  made  and  indicate  what  must 
be  avoided  in  the  future. 

Before  taking  up  in  detail  the  subject  of  splicing,  attention 
is  directed  to  the  following  information  of  a  general  character 
bearing  upon  the  subject  of  wire  rope. 

The  standard  wire  rope  consists  of  sue  strands  twisted  around  a  hemp 


PtO.  6Mi.-~SpUein»,  t,    Wlud  all  but  >  short  end  oC  No.  1  luu  bem  Uid  in,  the  (trmnd  A 

■bould  be  cut  oR.  lovine  aa  end  equAl  in  length  to  No.  1.     TU*  Icnsth  should  be.  for  a 

onoidchdiiuiietct  rope,  about  ten  inches.  For  a  snuUer  rope  this  may  be  elightly  decfeaaed 
and  far  a  lar^r  dUmetcr  Hn  incnued  lensth  it  de*iiable. 

center.  This  arrangement  afEords  the  most  convenient  and  ccanpact 
form,but  it  may  be  varied  for  special  purposes,  and  four,  five,  seven,  eight 
nine,  or  any  reasonable  Diunb^  of  strands  utilized. 

When  the  wires  and  strands  are  twisted  in  the  same  direction,  the  rope 
is  known  as  a  lang  lay ,  and  when  in  the  opposite  direction  it  is  known  as  a 
regular  lay  rope.  A  wire  strand  is  sometmies  used  instead  of  a  hemp  cen- 
ter. This  adds  somewhat  to  the  strength  of  the  rope,  but  it  causea  it  to 
wear  more  rapidly  and  its  use  is  not  gener^y  advised. 
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Pio.  6J0O3.-~^pUclng,  7.  Unlay  aoother  stisnd  in  the  same  manner  that  A.  was  us 
and  follow  up  aa  was  done  irith  stiand  Ho.  1 .  stopping,  honever.  back  of  the  ends  i: 
and  No.  1.  The  unlaid  strands  should  be  cut  off  aa  A  was  cut.  leaving  two  short 
equal  in  lensth  to  tbos«  of  A.  and  No.  1.  The  distancs  between  tiio  points  nhere  the 
project  should  be  about  two  feet.  The  flliutiation  shows  the  lope  after  the  three  str 
OD  one  side  of  the  joiot  have  been  laid  in  the  manner  described.  There  now  lemaii 
1  stranda  on  the  other  side,  which  must  be  laid  in  the  same  my. 


erthe  first  three  strands 
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Pig.  HSXl.—apUclnt.  11.  Bind  a  ihoit  piece  of  hemp  rope  atound  the  wire  rope,  s 
aiteea  inches  back  of  the  vise,  ao  sa  to  ma\a  a  aling,  and  insert  itiek  in  loop.  Pull  thi 
of  the  stick  so  that  the  wire  rope  will  be  untwisted  tetwcen  the  vise  and  the  stick. 


Pic  S.OBS. — Splicina,  It.     The  rope,  by  means  of  the  stick,  may  b 

to  insert  the  point  of  the  marlin  spike  under  two  stianda.  Use  the  pick  to  force  the  hemp 
Core  into  such  a  position  that  it  may  be  reached  by  the  koife  and  cut.  It  will  be  noticed 
that  the  end  of  the  strand  which  ia  to  be  laid  in^  has  been  bent  bade  toward  the  vise.  As 
this  end  must  follow  tha  twist  ot  the  rqps  and  occupy  the  space  left  vacant  by  the  removal 
of  the  hem p  core,  the  end  itself  should  have  some  tendency  to  twist  in  the  proper  direction . 
Bending  the  end  back  and  giving  it  one  twist  in  the  direction  ot  the  twiat  of  the  rope  will 
Impart  this  tendency 
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The  etrands  usually  consist  of  seven,  twdve  or  nineteen  wires  each. 
These  wires  are  drawn  from  iron,  cast  steel,  plo^h  steel,  blue  center 
steel  and  occasionally  from  copper  and  bronze,  "nie  various  kinds  of 
Tope  are  manufactured  for  use  under  conditions  to  wbich  they  are  beet 
aaapted,  and  while  their  use  is  not  always  restricted  to  these  conditions, 
better  aatisfaction  is  given  where  they  are  considered.  For  this  reason, 
if  any  doubt  exist  as  to  the  size  or  style  of  rope  reqiured,  it  is  well  to 
write  to  the  manufacturer  for  advice  before  ord^ing. 

If  a  rope  be  received  upon  a  reel,  the  latter  should  be  mounted  upon  a 
■pindle  or  turn  table  ana  the  rope  then  run  off.     Jf  slipped  in  a  coil  it 


,  . ,  ,„  .... .  _. .,^, . d  while  the  other  removea  th«  hemp 

con.    Tiie  moilin  spilu  shauTd  be  uDder  twa  ttnnda  of  the  npe  as  diCFwn. 

should  be  rolled  aloi^  the  ground  like  a  wheel  or  hoop  and  not  uncoiled 
like  a  hemp  rope.  Be  careful  to  have  the  drums  and  sheaves  for  wire 
ropes  of  sufficiently  large  diameter. 

Many  ropes  fail  to  give  satisfaction  through  running  at  high  rates  of 
speed  over  small  drums  and  sheaves.  It  is  also  important  to  keep  the 
surfaces  of  the  drums  and  sheaves  smooth  and  free  from  any  projections 
which  would  tend  to  cut  or  wear  the  wires.  When  ropes  are  used  for 
ship's  rigging,  derrick  guys,  or  under  similar  conditions,  involving  continued 
exposure  to  the  elements,  the  wires  are  frequently  galvanized. 

Ropes  subjected  to  constant  bending  around  drums  and  sheaves  are 
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Pia.  6,100.— iSaUeiR*.  U.     Insert 


ottharcppe.    Pull  the  mBi^  ipike  toinnl  youmU.    This 

along  tha  Tope,  leaving  an  opening  in  front.    'While  one  hud  is  em- 
spilu,  the  other  huid  boldinc  the  end  ot  th«  Mrand  shovld  lAy  tnis. 


Pm.  9.101.— ^aUlnt.  1 

bwnUidin.    The  end . 

diractkn.    Tbit  lUould  be  repeated  at  each  oE  the  place'  w 
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b«  miidB  w^ch  will  be  Impossible  to  detect  aftw  the  to 


not  usually  so  treated,  but  it  is  essential  that  they  be  kept  well  lubricated 
and  as, dry  as  possible. 

For  lubrication  and  to  prevent  rusting,  a  lubricant  free  from  adds  or 
corrosive  substances,  should  be  used.  This  is  of  the  utmost  importance, 
and  is  a  large  factor  ia  the  life  of  a  wire  rope.  The  lubricant  should  be 
one  that  will  penetrate  the  strands  and  not  run  ofl  or  drip.  Its  applica- 
tion should  be  frequent,  and  in  most  cases  the  spaces  between  the  Strands 
of  a  wire  rope  should  be  gradually  so  filled  that  the  rope  eventually  presents 
the  appearance  of  a  round  iron  bar. 

In  general  it  should  be  remembered  that  wire  ropes,  and  especially  those 
used  for  hoisting  and  transmission  purposes ,  should  have  a  hberal  mai^^ 
a  the  side  for  saiety.    Proper  care  and  attention  will  render  a  rope  If 

able  to  injurv  thn '  '" 

sed  without  dangei 
selected  materials. 

It  is  sometimes  a  costly  error  to  assume  that  a  rope  is  cheap  because  it 
sells  for  a  low  price.  Its  value  is  measured  by  its  service,  and  the  amoiut 
saved  in  the  purchase  of  an  inferior  rope  may  be  lost  many  times  over  in 
an  attempt  to  repair  the  damage  caused  by  its  failure. 
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READY  REFERENCE 

INDEX 


Abaca  plant,  3,342. 
Absolute,  pmauR,  3,102. 
Abfoibct,  n^ — "—  """ 


i,  3.ew-3.0e2,  Zffll. 

;   heatnu  syitein,   ilia.,   2,ees, 

—•ogeratioo  sTstem,  3.076. 

xrattir,  motor,  3j23B. 
■1  tmuportatioii,  Idimasge,  3.2M. 
jMuiatof-  brme,  3,017. 

hoiMi,  i^a,  3,284,  3,286. 
Air,  check  vtitn,  steam  heating,  ilia.,  2.049. 
cocnlatiim,  pipdesl  fuisou,  2,914. 
cold.  rEfrignation.  metliod,  8.024. 
rilirf  hIk.  ab.,  2.656,  2,987. 

Btwn.heatiii^  Hotioe,  Oto.,  2.96T. 
valve,  ladiatoT,  mdirsct  neatmii,  ills., 

2.966. 
vent,  (team  b«tins.  Bis.,  2,S1S,  2,S29. 
Air  pump.  Albener,  ills.,  3.160. 

centrUusal    entramment,    ills,,    3,150, 


location,  I.13I. 
displacement,  3.1S4. 
electric,  2,992. 
Hilton,  ills.,  3.1G7. 

speed,  3,154. 
Radofet,  ills.,  3.112. 


"spiro-hurling," 
2. 959. 


Wheeler,  ills.,  3, 

WortbinctoD,  ill 

AlbcTEer,  air  pun^  31 


shsckle,  ills.,  3,292,  3,293. 
Andiewa,  liea.ting  plant,  iUa.,  2.9SS. 
Angles,  pipe,  ills.,  2,850-2,855. 
Anhydrous,  awmomto,  3,037,  3,027. 
drum,  3.057,  3,059. 
refriseiation  mschine,  iUs.,  3.070. 
sulphur  dioxide  mschine,  3,075. 
AatJ-syphon    seal,    steam   heating,    Moline, 

ills.,  2,458. 
AdvH  method  pipe  bending,  ills.,  2,893. 
Anostrong,  die  and  stock,  adjuatable,  ills., 
2,ST1. 
joint,  pipe  fittings,  2329. 
nipple  holder,  ills.,  2,839. 
pipe  threading  machiae,  ills.,  2.884. 
Atmoepheric,    anunonia    condensei,    3.033, 
-1-034, 
3.110. 
ire,  3,102. 

ills.,™940-2,942.  ™ 

Tefriserating  mschinez,  ills.,  3.064. 
sysuma,    steam    heating,    ills.,    2,932^ 


refrigeration  oprrBtion,  3,075. 
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cut  t^  tfigme,  condensiiig,  3»] 

hydraulic  elevator  valve,  illi.,  3,23S. 
regulator,    (Qunper,    ills..    S,949-3,eM, 


B 


BadsE 
Baffle 


.    J^.,  i:- 

tongue,  hot  mtei  heatioe,  2Sn6,  Z.BTT. 
' T,  3.109,  3.110. 


3,103. 
n,  its.,  3.102. 
,    eondenser,    ills..    3.120-3,122, 

3,123,  3.124.  3.126,  3.130. 


fiastard  condenser,  3.133. 

Baitian  element,  dectrii^  besting,  2,BS3. 

Bauer  cooUna  towen,  illi.,  3.200. 

Bedcet,  def.,  3,286. 

Belsy  rapes,  def.,  3.301. 

BeU  and  aptgot  iotnt.  pipe  fitting,  2,a3D. 


fiabermaii's,  def.,  iUs.,  3,307. 
sheet,  def.,  ills..  3,300. 
Bendlnc,  tiie{,s),  2,S80. 
WtitixiA,  2,860. 
tools,  pipe  fittingi,  dea..  2.SBS. 
Bamwd-Owwiwood,  (Hpe,  cap.,  illi.,  2,8 
PluSLpipei  ills^  2.S60. 
tea.  l&r.i.'Hl,  2.868. 
Bslit,  tons,  def.,  3.301,  3,314. 
Bills  syphoD,  3.1S8. 
Biuop  BOd  Babcock,  vacDum  trap,  itei 

Bishop-BabcDck-faecker,  pump,  ills.,  2,9 


imd  taclds,  ills.,  3.288. 
hoists.  8.2$S-S.289. 

■natdi.  il^.,  8,287. 
Boiler,  datDIKi  ngulatoi,  iUi.,  2.632. 


.,  2,632,  2.637,  2,Sf 


Bollar,— CoHliiHud 


2.612. 
IJTO. 


28JU-2.Sfl0. 


Brine,  BglUtor,  3,017. 


refrigeration,  3,021,  8J>33, 

:,  S.OSl. 
uaiuuniKUDn  syBiem  refiissratlon,  SJ>76. 
Broken  strand,  inpe  (plicing,  muwiiiB,  ills., 

3.344. 
Brunswick,  cniDprsesiDS  system  RfrisetatuD, 
3.020. 
dairy  refrigeration  pknt.  iUs..  S,OSS. 

marine  rarigeration  plant,  ills.,  3.001. 
Bucket  valve,  ills.,  3,IS7. 
Buitdingi,  heat  loss.  2.68S. 

healing,  vsrious  methods,  2.611. 

Bun,  head  tee.  pipe  fitting,  2,330. 

wheel  demi^  3.274. 
Burbom  cooUng  towen.  S.lOS-3200. 
Buns,  pipe  fittings,  ronovitw,  method,  Ola— 

2307,1.868. 
Buratiog  pressure,  pipe.  2,820. 

screwed  fittiagB,  2,868. 
Bushing,  pipe  fitting.  2380. 

pipe,  ilb.,  2,848. 
Br  pass,  hot  water  heatioK,  ills.,  2.673. 

plunger  elevator,  3,220. 

icfrigeration,  ills.,  3,038. 

trap.  Bteam  beating,  .tUs.,  1^2 
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Cablw  e1«vktor,  3.314-3.249. 
CaUemyi,  3,30873^. 


Cwbosdue 


13,  3.113,  SJsba. 
dgtHtinaifloui.  3, 

Id  refniitnition,  iMctiimi, 


Card,  we^t  pne,  2330. 
CuiilAbBiid,^S:,  3.30S,  aic,  zjaw. 
Cut.  inn  p^  Stbngi,  2.834. 
Med.  p$e  fittiav,  2.835. 
Catopaw^ot,  3333. 
Cement,  heat  loae,  3,B8T. 

r.mtral  t-nwi^f/BMa,  jUl..  8.134. 

ur  pmnp,  3.110,  3.151,  3.1G 
d  gIuud  fittiiis*!  cnne,  3.: 


Centrif  ugal  u 


Qutnid), 


a,  3,294. 

wr  die,  iripe  thnailiiig,  iHi.,  3.877-3.885. 
■Jt  Tslye,  reffigentxHi,  3,058. 


H  lioiMs.  illk,  3.3S3. 
,  pipe  threaduiB,  iUa.,  3, 
mp.  dialillu,  8.164. 
'on.  3.031,3.032. 


Clcinau,  craoe,  3,3fi7. 

die,  pipe  thrsadint,  iL. 
Clow  nipple,  pipe  Mdng,  3 


Combined, — Cmlmiud 

rotary  and  Tectilinear  crane,  3.265. 
steam  heatina  lyitem,  illg.,  3,639,  2.941. 
CiHobiutkin  chamber,  furnace,  tut  air,  2.912. 
"  dentois,  illi.,  3,365. 

tion,  plant,  3,030. 
3,016,  8,021. 

d^I^ltSfl"' 
et£er,  3,088. 
mechanical,  3,01 5. 
operation,  VUter,  3,037-3,043. 
wet,  3.036. 
Compreoort,)    lefiigeration,    3.017,    3.D3T- 

KiDCKJielll  iHg'.,  3.083. 
marine  ^pe,  ilia.,  3.0S3. 
parU,3.0Z7. 
York,  illi.j  3^37. 
CondenutetP^MnatoT,  illi.,  S.tMS. 

pqmp^  lUi.,  3455- 
CoDOenaatlon,    atmoepheric    and    vacuum, 
beating  ayatema,  ills.,  2,940. 
pump,  boiler  return,  2.959. 
suam     htatiai,    atmoBpheiic     prenurs 
ayatem,  ilia.,  3.932. 
boiler  return,  iUa.,  3.flSS,  2.959. 
riter   and    main    connectioD,    ills., 

3,031-2.823. 
■yitem,  removal,  2,864. 
Coiidenter(a).  3.098-3,158. 
action  of,  ilia.,  3.i3B. 
air  pump,  8.154. 
Alberger  baiometric,  ilia.,  3.134, 
ammonia,  refrigeration,  3.032,  3.035. 
atmoEpheric,  3.110. 
automatic  vacuum  breaker,  3.117. 
back  pienure,  3.10S. 
bailiins,  3.109,  3,110- 
barometer,  mercury,  illi.,  3.1D0,  3,103. 
barometric,   ilb..    3.121,    3,133,    3,133, 

8.124,  3,139,  8,180. 
baatard,  3.133. 
canal  boat,  3.133. 
central,  ill*.,  3.124. 
cluoficBtion,  3,109,  3,110. 
coila  reftioeration,  illi.,  3.034. 
eombbed  counter  and  parallel  flow,  ilia., 

3.116,  3,117,  S.119. 
connected  with  blowing  enginea.  3.134. 
contrafiow,  Ola.,  3,140,  3,141. 

dou^  iJla.',  3,136,  3.144. 

packins,  iUa.,  3.13S,  3.13S. 

•««t»on  tbiDuah,  3,136. 

ipooDK,  3,143. 

MtaTs.lSB. 
coolinff  surface,  3,143. 
conntcr-Bow,   iHi.,  3.110,  3,116,  3.119, 

3.IM,  3.129,  3.143. 
design,  8.139,  3,143. 
direct  contact,  3,110. 
double  tube,  ills.,  3.135,  3.136,  3,144. 
economy  in,  3,105-3,109. 
Erhart  induction,  ills,,  3.127. 
exhaust  mjecUr,  8.136. 
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Coiul«nser(s), — Continued 
failure  to  work,  3,105. 
function  of,  3,105. 
feed  water  installation,  ills.,  8,122. 
high    level,    iUs.,    3,120-3.122,    8,128, 

3.130. 
hot  well,  3.121. 
inboard,  3.110,  8,134. 
indicator     cards,     condensing     engine, 

3.103. 
induction,  ills.,  3,125,  3,127,  8,128. 
injector,  diag.,  3,120. 
j$i,  counter-now,  ills.,  3.115. 

flow,  counter,  parallel,    combined, 

ills.,  3.116. 
ills.,  3.110-3.112. 
low  level,  ills.,  3,108,  3,114. 
operation,  3.123. 
parallel  flow,  3,108,  3,113. 
pumps,  3,145. 
keel,  3.110,  3,131-8.134. 

author's    method    of    locating    air 

pump  below  oondsener  outlet 

tor    steamer    Stornowaw   ii, 

ills.,  3,131. 

construction  details,  steamer  Star^ 

noway  i,  ills.,  3133. 
faulty  installation  in  steamer  StoV' 

^  nowan  I,  ills.,  3,132. 
ordinary,  made  of  standard  pipe  and 
fittings,  ills.,  3,134. 
Koerting,  induction,  ills.,  3,128. 
low  level,  combined  cotmter  and  parallel, 
ills.,  3.119. 
jet,  ills.*  3.108,  3,112,  3,114,  8,144. 
Marks,  tube  spacing,  3,143. 
Miller,  double  tube,  ms.,  3,135. 
Newcomen's  engine,  3,105. 
outboard,  3,132. 
parallel  flow,  3,110,  3,113,  3,119,  3,120, 

3,122. 
pressure,  barometric,  8,100. 

drop.,  3.139. 
pumps,  3,144-3,158. 

air,     3.111-3.113,     3,116,     3,117, 
3.146^  3,155. 
centrifugal   entrainment,    ills., 

3.150. 
diag.,     3.112,     3.116,     3.117, 

3.120,  3.148,  3,152. 
ejector,  ills.,  3.152,  3.153. 
low  level,  3.144. 
marine  engine,  3.146,  3,156. 
rotary,  ills.,  3.153. 
spiro  hurling  entrainment,  ills., 
3.151. 
steam  jet,  ills.,  3,152,  3.153. 
surface,  3.154,  3.155. 

wet,  ills.,  3.147,  3,148,  3,157. 
feed,  3,146. 

independent,  3.124,  3,125. 
jet,  pumps,  3,145. 
lift,  vacu\im,  ills.,  3,104. 
location,  3,131. 
refrigeration,    ammonia,     ills.,      3,058, 
3.071. 


Cond«na«r(a).  rmMgmfaHan, — Continued 
double  pipe  type,  8,017,  3,055. 
oil  in,  3,(d5. 

c^>en  air  evaporative,  3,063. 
pipe  cleaning,  ejector,  ills.,  8,075. 
removing  air  and  gases  from,  8,071. 
standard  comp.  system,  ills.,  3,016. 
submerged,  3,063. 
saving  due  to,  3,103-3,109. 
shells,  designins^  3,139. 
single  tube,  ills.,  3,136,  3,188. 
spray  valve,  3,125. 
standard*  double  «nd  single  tube,  ills., 

8,136,  3,138. 
steam  heating,   vacuum  system,   ills., 

2,956. 
stopping,  3,128,  3,125. 
steamer,    "Storraowajf   F*  installation* 
ills.,  3,131-3,133. 
Starnoweof  ii,  inst.,  ills.,  3,131. 
stuffing  boxes,  ills.,  8,138. 

surface,  3,110,  8,181,  8,132,  8*136, 
3,155. 
use  of,  8,105. 
vacuum,  3,090-3,105,  3,111-3,113. 

breaker,  3.117,  3,119. 
valve,  Gutermuth,  illis.,  3,149. 
water  works,  iUs.,  3,143. 
Watt,  8.132. 

Weiss  high  level,  ills.,  3,129. 
wet  air  pump,  3,112,  8,113, 3,116,  8.117, 

3.147. 
Wheeler,  ills.,  3.112,  3.114,  3,143. 
Condensing,  economy  in,  8,10&-3,100. 

engine,  automatic  cut  off,  8,106-3,108. 
saving  due  to,  3.103-3,109. 
Congealing  tarJc,  refrigeration,  3,(^2,  8,024. 
Container,  refrigerant,  3,078. 
Contra-flow  surface  condenser,  built  in,  iUs., 

8,140,  8,141. 
ControUerCs),  crane,  3,273. 

continuous  operating,  ills.,  3,226. 
direct  current,  3,241. 
elevator,  belt  driven,  ills.,  8,236. 
full  magnet  d.  c,  3,240-3,^2. 
high  speed.  8,240. 
mechanical,  3,236,  3,237. 
non-reversible,  3,2^8. 
reversible,  ills.,  3,239-3,243. 
slow  speed,  8,239. 
shmper  cable,  ills.,  34^7. 
switch,  3,240. 

wheel,  elevator,  ills.,  3,237. 
Cooler,  refrigeration,  3,050. 
Cooling  ponds.  Badger  spray  nosde,  3,188. 
circulation.  3,180. 
deep  spray,  ills.,  3,187. 
drift  loss,  3.180. 
earthen,  3.188. 
evaporation  rapidity.  3,183. 
fire  protection,  3,187. 
flow,  directed,  3,181. 

natural,  ills.,  3,180. 
latent  heat,  3,195. 
natural,  ponds,  3,181. 
flow,  ills.,  3,180. 
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■pny,  3,1S8,  a.iaO. 
object.  3,176. 

totarv  motioD  meduniim.  illi.,  3.186. 
S.IS2,  3,1  S3. 


sprof,  ilia..  S.IS2,  i 
deet>.  ul9..  3.11 


—~——-y  3.187,  3,188. 
nozilc,  il^.,  3.188,  3,189. 
wclir,  capacity,  3,180. 
Ion.,  3.188. 
Cooling  iniiuw,  condHuer,  3.143. 
Cooling  toweite),  Bbust,  illi..  3.200. 
Buihom,  ms.,  3,198-3.200. 
dua.,  3,190. 


Coimter  weight(8),  levator,  3,2M. 


Kte,  reducmg  an 
y'l  hitc^,31t,. 
Cisb.  winch,  illi.,  3,281. 
CrancCi)  and  hoiiti,  3.3GO-3,300. 


2,6*0, 
:,  in*.,  2.S49. 


Aeoata tic  8,27^. 


),  and  chai^  fittinsi,  illi.,  3.291- 


ocrmbined  Totar7  and  rectilinear,  3,266. 


SlSt 


Lula,    pipe,    teruilc    fltlenfftli, 

xy,  3,260. 

,  collectoi,  3,273. 


bydiaulic,  iija,,  3',261.    ' 
iodintil     bnux,  3,265. 
lib,  illi.,  3,260. 3.202, 3.306, 3, 
locomative,  3.201,  3,262. 
marine,  ilia.,  3,271. 
■ucJunfcftl,  brake,  3,271. 

load  brake,  ids.,  3.370. 
■uMrU),  3,266.  3,269. 

Shaw.  iUi.,  3.260. 


tnnaporter,  3.366,  3.268. 
trimlmt,  modification,  3,3eft 

ilia.,  3.360,  3,266. 

power  reQuirad,  3J'75. 
trollcr,  3.265. 
tumbucklei,  3.392. 

whaiOUa.',  3.271. 
Cram,  over  lee,  pioe  fittini,  2.83 

pift,  ilia.,  2.SS9,  2.860. 
fitting,  2.331. 

vaive,  pipe  fitting,  3.831. 
Cmung  hitcli,  3.322. 
Crotch,  pipB  fitting,  2.831. 


VI 
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Crow»  pipe  drilling,  ills.,  2,867. 
Crowxung  ropes,  3,325,  8.326. 
COs  refrigeration  system,  3,082. 
Cutler-Hammer,    elevator    controller,    ills.. 

Cylinder,  levators,  3,219. 
hydraulic,  3.220.      ■ 


D 


Dairy  refrigeration  plant,  iUa.,  3,085. 
Damper, .  regnlaiorf  steam  heating,  Dunham, 
ills.,  2.937. 
steam    heating,    natural    vacuum 
system,  ills.,  2,940-2.954,  2.956. 
thermo-seal,  heating,  ills.,  2.952. 
vapor  heatmg,  ills.,  2.932. 
Dart,  union,  ground  jomt,  ills..  2,847. 
Davidson,  evaporator    and  distiller,     ills., 

3,164-3,166., 
Deep  spray  cooling  pond,  ills.,  3,187. 
De  La  Vergne  refrigeration  plant,  ills.,  3,016, 

3.093.  , 
Dense  air,  refrigeration  machine,  3.087. 
Derrick,  3.274-3,278. 

"A^*  frame,  ills.,  3.276. 
bull  wheel,  3,274. 
crane,  3,260. 
fiUmgs,  3.277,  8,278. 
gear,  swinging,  3.274. 
guyt  fittings.  8.277,  3,278. 

Perry,  ills.,  3.274. 
hoists,  3.274-3.278. 
proportions,  8,275. 
stiff  leg,  ills.,  3.275,  8,277,  8,278. 
Dewey  trap,  air  and  vacuum,  ills.,  2,935. 
Diaphragm     regulator,     atmospheric      and 
vacuum  system,  ills.,  2.940. 
damper,  ills.,  2,951. 
Die(s),  p%pe  threadingf  adjusting,  ills.,  2,870. 
chip  space,  ills.,  2,878. 
chasers,  2.882. 
clearance,  ills.,  2.878,  2,879. 
construction,  2.878-2,881. 
expansion,  Oster  Bull-dog,  ills.,  2.872. 
grinding,  wheel,  2,898. 
non-adjustable,  ills.,  2,870. 
Differential  Co.,  vacuum  heating     system, 
ills.,  2.943. 
hoists,  3.282,  3.283. 
valve,  steam  heating,  ills.,  2.944. 
Direct  contact  condenser,  3,110. 
Direct,  current,  controller  full  magnet,  3,241. 
drive,  elevators,  3.210,  3,211. 
elevator  motor,  3.235. 
Directed  flow  cooling  ponds,  ills.,  3,181. 
Directional,  pipe  fittings,  2,836. 
Dirt,  heat  loss,  2,987. 
Discharge,  tank,  elevators,  3,227. 

valve,  refrigeration,  8,029. 
Discs,  radiating,  refrigeration,  ills.,  3.018. 
Distillation,  3.068,  3,160. 


Distilling  apparatut,  see  Evaporating-and  Dis- 
tilling apparatus, 
refrigeration,  8.666-3.071. 
Double,  branch  elbow,  pipe  fitting,  2,831. 
dedc  spray  ponds,  spring,  ills.,  8.184. 
sweep  tee,  pipe  fitting,  2331. 
tube  condenser,  ills.,  3,135,  3,136,  3,144, 
Drainage,  steam  heating,  pitch  fitting,  ills.. 

2,924. 
Draught  control,  steam  boiler,  vacuom  ssrs- 
tem,  2,947. 
steam  heating,  natural  vacutun  mrstem, 
ills.,  2,949-2,956. 
Drift,  cooling  pond,  loss,  8,180. 

spray  pond,  lower  fence,  flls.,  3,185. 
Drilling  elevators,  8,219. 

pipe,  for  tappinsb  ills.,  2,886-2388. 
Drip(s},  pipe,  steam  heating,  2,918.  2,920, 
2.925,  2.926-2;»§3. 
steam  heating,  ills.,  2,999. 
Drive,  continuous,  ropes,  8,388-8386. 
elevator f  belt,  3.247. 
driven  des.,  8,247. 

friction,  ills.,  8,210. 
herringbone    gear,    des«,    ills., 

3.249. 
spur  gear,  8,247. 
traction,  direct,  ills.,  3,210. 
worm  gear,  3,250. 
Drop,  elbow,  pipe  fitting,  2,881. 

tee,  pipe  fitting,  2,831. 
Drum,  ammonia,  ills.,  3,074. 

anhydrous,  8.057,  8,059. 
devators,  counter^balanoe,   3,208. 
full  magnet,  ills.,  8.230. 
over  head,  adv.,  3.208. 
scores,  8.254. 

service  suitable,  3.206,  3  209. 
shaft  apace,  3,246. 
mine  hoist,  3.299. 
Dry,    air   pump    condenser,    3,112,    3,116, 
3.117,  3.120,  3,148. 
compressor,  3,031 . 
joint,  pipe  fitting,  2.831. 
return*  steam  heating,  ills.,  2.918-2.933. . 
Ducts,  hot  air,  indirect  heating,  iUs.,  2,069. 

iron,  galvanized^  ills.,  3.005. 
Dumper,  ice  can,  refrigeration,  ills.,  8.004. 
Dunham,  damper,  regulator,  ills.,  2,087 
radiator  piping,  steam  heating,  ills., 

2.936. 
methods,  atmospheric  pressure  sirstein, 

ills..  2.938. 
trap,  steam  heating,  ills.,  2,084,  2,085. 


E 


Bccentric.  reducing,  pipe  fitting,  ills.,  3,000. 

Eclipse,  distilling  system,  ills.,  3.067. 
element,  electric  heating,  2.082.' 
regulator,    temi)erature    steam  heatins* 
ills.,  2.968. 
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r^TifroHom,  lyitcm,  freoiiit  tuilc.  JUi., 


denkkl 


type,  m*-  a  jer. 

dva  ^b,  ilb^  3:382> 


, -a,  ills.,  3,207. 

cyliDdei,  3.219. 
d«velopm«tt  8,208- 
dinct  drive,  8.S11. 

du^use  tenk,  3.237. 


g  gtu,  d«a.,  Uli..  S,24f. 

mEum,  (iirect,  illi.,  8,310. 

worm  oeu,  3,360. 
ilnw  (tP'>  s.aoii. 

dnve,  jlto,  8.208. 

hdl  mmciwt,  ilb.,  3,330. 

■Tvice  tuUabIa  fat,  8.300,  8.309. 

ihift  i^CB,  3.2M. 
A««.8,2Sl 


nan,  oTexliH 


brsko.  ilb.,  8.233. 
hona  power,  8.338. 
•wWor),  3,230-3^35. 

■djMteMe  jMad,  Bfft, 

pteciwl  rtii«t»nn8,,a,aa6. 
operBtkm,  3.2M(  UU. 
polyphaw.  d^noc  3,3)S. 
nnOBOQ  nxbtctiDii.  3J35. 
■bunt  wound.  HI*..  S,SST. 
ihOe  phue,  3.33G. 
^t  i^Me.  i,2S$. 
•quinel  cue  induction  motor, 

SJ3E. 
ilamJard,   npulnon   ioduclioii. 


r,  between  motor  and  dram,  8,M 
daMt,  leduction  woim,  8.252. 
rm,  8,2S1. 


.,  3.381. 


m^ta,  iDk,  3,252. 

Undem  wnnn,  8,3M.  3,SS8. 

laelk.  putt,  m.,  3,344. 
■trengtli,  8.344. 

worm,  ilu.,  3,351. 
BMIed  hTdnulic.  SJt37. 
geuioE,  8,230. 
KeuleH,  8.300. 

fovenot,  Gnmey,  illi,,  8.217. 
Demngbone  «u  drive,  ilb.,  3.249. 
higb  ipeed,  3^1. 
hone  power,  mgtor.  i5*g. 
hydraulit,  claH.,  8,316. 
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direct  current,  3.3SE. 
hCiH  power  dia^.,  S.231. 
polyphAse  slip  tiOBi  3.285. 
rmtl',  drive,  diag.,  3,246. 

pWe,  3,235. 

traction  drive,  ills.,  3,246. 
multi-Teduction,  3.Z11,  3.2 12. 
Kortbern  gcaTcd  mAchlrie,  3,243,  3.24D. 
opentioD,  3,255. 
ovctbeaA  type,  3,264. 
cic(r>iK«ii(<(l,  tnction,  3.311. 

tnction,  machine,  3,257. 
piston,  3,327,  3,230. 
tliMitr  IvfH;,  amngcoent,  ilia.,  3,222. 

compensating  ropes,  3,223. 

control,  3.324. 
openitian.  3.223. 

fhmgex  by  mat,  3.220. 
udewB]k,mr3,S2S. 
standard,  Hb.,  3,31S,  3.a») 

Portland  dni'm  elevator,  3,243,  3.24fi- 

unit,  location,  3,303. 
pulleys,  3.24a,  3,254. 
pumping  plant,  3.238,  3,327. 
Reedy  pilnt  valve.  Lis.,  3,228. 
reduction  machine,  3.311. 
Ridgwsy,  ill*.,  3.310,  3.2IS,  3.263. 
ruoninE.  3.2S5. 

^v^mo^,  illl.,  3.21T. 
scofEs,  overhead  type,  3.264. 
ik.^  3.213,  3.214. 

Bpace,  3,24S. 
speed  control,  3.325,  3,241. 
spur  eenr  drive.  3,247. 
BlartiDg,  3.317,  S.277. 

switch",  60l«i^r3.24I." 
tnclio»,  3,aOB,  3,311,  3,212. 
ills..  3.245,  3.240. 

undermounted,'  drmn  type,  ills.,  3.230. 
hIh,  Butomatic  hydrauKc,  nia.,  3,223. 

pilot,  ills.,  3,228. 

■top,  3.235. 
velocity  ratio,  class.,  3  JCM. 


•raler,  -CoHlnHKif 

wall*,  3,314. 

weight,  counter,  3J54. 


ilaaicr,  vertical  byd.,  illl.,  8,230. 

hor.   Et«m   oadllatinc,  iU*.,  8,304. 

vertical  steam  oscUUt!ii«,  i!U.,  8,206. 
manne,  drivinR  pumps,  3,140. 
Newcomen's,  flls.,  3.105. 
sUam,  elevalor,  3.2(M.  3.205. 

upri^t,  comiected  to  pump,  ills.. 

throttling,'  3.1(10. 
Erhart,  induction  condenier,  ills.,  3,127. 
Ether  system,  refrigeiatioii,  3.035,  3,088. 
Ethyl    chloride    refrigeiation    system,    ilia., 

3,078,  3.080,  3,DS1.    . 
Evaporating,  ammonia,  refrigeration,  diag., 

3,012. 
EvaporsCins  and  distilling  apparatua,  3,159. 
boiler  feed  water,  nwldng  up,  3,105. 
distUla,  circulating  pump,  3.104. 
Davidson,  ills.,  3,164-4,100. 
deecription,  3,150,  3.165. 
marine  installation,  3,150,  3,103. 
Schutte  ft  Koerting,    ilia.,    3.170, 
3.171. 
napotalor,  brio*  blowing  cfi,  3.104. 
coils,  ills.,  3.101,  3,107. 
description.  3.159. 
donbk.  effect,,  3, 168. 


3,172. 

feed  w 


.    iUa.t 


3.177, 


steam  chest,  ilk.,  3,174 
valve  chest,  ills.,  3,173. 
Lillie,  ills.,  S.17S. 
RianiJDlds.  3.161,  3.167- 
raulti-o^  ills^  3,101, 


.103. 


poTMoil.  3.167. 

Reilly,  3,161-3,103. 

Roff  and  Davis,  3.167. 

Sobutte  and  Koerting,  iHa.,  3,1M, 


,  ills.,  3.171. 
a  pnda,  3.183. 


pipe,  marine  power  plant,  iUa.,  I 
suam,  distilling,  3,008. 

temperature,  3,108. 
sysUm,  sitam  htatinf,  2.960,  3,0( 
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Eipiuuiao  cul,    Tabigentioiii    ills.,    3.016. 
3.021,  3ll23. 
piiw  did,  Oitor  BuIl-daB,  ills-.  2,ST3. 
EipuniioD.  pipe  tlmilH,  langc,  S.i73. 

tank,  £ot  mtci  boitiiui,   illi.,   2.ST8, 

2.071. 
vaLre,  nbiacntioa,  3.019,  3.022. 
Eyi  iplics,  ropca,  Sie.,  3,341. 

F 

Pui,  indirect  beating,  iOg.,  3.(W8,  2,909. 

Puner's  loop,  3.3Zi. 

Peed,  lina,  pipj^  nulnng  up,  ilia.,  2.M)fl, 

pump,  hMitiTig  rratem.  ill*.,  3.MS. 
Fm4  wMer,  eVBoonttaK  and  distitUng,  3,1Q5, 
S.ie7. 
GHcr,  mi.,  3,1TS. 
kcotir,  ill*.,  3.1T3. 

cIoMd,  3M0. 

enmntins  into,  S.ITS,  3.117. 

open,  iSt.,  2,0M. 

liini  conunted,  iHl,  3,173. 
DHtaUitioD.  coDdeneer,  illiy  3,121. 


cDoUDaponda,  ills.,  3,180,8.181. 

fiintUc{,ietcoDdeiner,illE.,  3.110.3.118. 
Foot  valve,  ilu.,  3.187. 
Poiced  ioduBCt  hutins,  or  bat  Uait  heating, 
iUt.,  ijtvf,  2.M8. 


Porsed  ited  pipe  SUinaa,  2,836. 
Foul  air  duct,  hot  air  beatiiu,  3,007. 
Pfsctioncl  vtave.  radiator,  flla..  2,9G0. 
Piaeer,  elevator  cable  drive,  illi.,  3  210. 
Preeiiac  tank,  rdrigcrstiaii.  ilk.,  3.005. 
Fi««ht  elevaton,  3.212,  3.2S2. 

geared,  ills.,  3,227. 
Flick  comimBor,  lefriiBratioD,  ills.,  3.02T. 
Friction,  drive,  elevaton,  ills.,  3.210. 

pipe  leaki.  2,890. 
Fnxt,  reCiigenitioii,  3.031. 


FuRiace,  M  air,  2.012-3,913. 


dcBgn,  2.91 


Mneller,  ilia.,  3.006. 
pipelen,  ill*.,  2,014. 
oiK,  3.001. 


Galvaniied  inm  duit,  ill).,  3,DDS. 
Gantry  crane,  3.200. 
GadBt.  pipe  miits  iUa..  2.845-2,840. 
Cat*  n^  iUi.,  3.135. 
"       -    luMaW'UHtallation,  ills.,  8,010. 
'    ^bead.  ill!.,  2.837. 

■      *"  „  3.030. 


Gautpc  pipe  tfiie 

rMMMwUM,  Mnmonia, 
bsaid,  illa.,  3.016. 


Geared,    or   friction    drive,    elevator, 
3,210. 
receding    inpe    tbieada,    Toledo, 

coili,   refrigeration,    3,062 


Gumey,  ills.,  3,217. 
pump,  vacuum,  ilia.,  2.061. 
Grab,  clam  shell.  3,277,  3.278. 


oruige  peel, 
Graia  bindsr's  ki 

'  listing,  ills.,  3,292. 


!77,  3,278. 
3.320. 

_._ippier,  h _.  , 

Crease    eitractoi    and    feed    i 

ills.,  3.175. 
Green,  coat,  2.307. 

houK  heating,  3,008,  3,009. 
Greenfield  gun  Up,  piping,  ills.,  2.889. 

levH  form,  pine  tbr«deT,  lUi.,  2.874. 
Grinding  valv«.  refriaeration,  3,029. 
Gn)OV(«,  ro^ei,  3.335,  3330.  3,349. 
Gun  tap,  pipe  threading,  CSnenfield,   ilia., 

2.889. 
Guraey  elevators,  governor,  ills.,  3,217. 
Goteniuith  vtlvea,  3.118,  3.140. 
Gar  demck,  Terry,  ills..  3,271. 
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Half  hitch,  ropes,  ills.,  8,315,  3,318. 
Hall  refrigerating  macnine,  ills.,  3,086. 
Halter  tie,  3.330. 
Hand  power  crane,  3.260,  3,261. 
Harding  &  Willard,  refrigeration  directions, 
3  044. 
^   Harness  hitch,*  3,321. 
HatiL  ropes,  def.,  3.S04* 
Haulmg,  rope,  3,298. 
Heat,  generator,  Honeywell.  2,977. 
^ven  off  by  radiators,  2,908. 
indirect  heating.  2,990. 
loss,  various  substances,  2,987»2,900. 
production,  by  electricity,  2.981. 
radiation  figuring,  2,993,  2.994,  2,998. 
Heating,  and  ventilation*  ills.,  2,011-<3,010. 
aimospheriCf  and  vacuum  systems,  regu- 
lation, 2.933,  2.040. 
pressure  or  vapor  systems,  2,932- 
2  940. 
buUdingSt  loss,' 2.985. 

various  methods,  2,911* 
calculations,  2,985. 
chinmey,  brick,  ills.,  3,005. 
cold  air  box,  3,003. 
eUctric,  2,981. 

circuit,  controlling,  2.984. 
internal,  ills.,  2,984. 
elements,  2,982,  2,983. 
resistance  wiiies,  2,981. 
room,  2.985. 

temperature,  regulating,  2,983. 
three  circuit,  arrangement,  internal, 

ills.,  2,983. 
undersat,  ills.,  2,985. 
units,  2,981,  2,982. 
wiring  diagram.  Consolidated,  ills., 
2,986. 
fire  place.  2,911. 

ftimace,  hot  air,  ills.,  2,912-2,915. 
green  house,  3.008,  3.009. 
heat  losses,  diag.,  2,987-2,990,  2,994. 
hot  air,  2,912-2,915. 
cold  air  box,  3.003, 
foul  air  duct,  3.007. 
furnace,  2.912-2.914. 
Mueller,  ills.,  3,006* 
size,  3.004. 
pipe  size  table,  3,002. 
Heating,  hot  blast,  ills.,  2,967,  2,968. 
hot  water,  2.970. 

accelerated  circulation,  .2,980. 
Andrews,  ills.,  2,988,  2,989. 
ba£Gb  tongue,  ills.,  2.976. 
hy  pass,  lUs.,  2,973. 
circuit  two  pipe,  ills.,  2.974. 
circulation,  Uls.,  2,972,  2,973,  2,975. 

accelerated,  2.980. 
distribution  tees,  Uls.,  2.976. 
expansion  tank,  ills..  2,973,  2,974. 
exposure,  wall  and  glass,  2,994. 
garage,  Uls.,  3.010. 


Hsating,  hoi  iMrter, — Continued 

heatp  generator,  ills.,  2,977. 

loss,  wroosed  floors,  etc.,  sUs^ 

high  pressure,  2,976,  2,980. 
Honeywell    heat    generator,    ills., 

2,977. 
Jorgensen    and    Burchner   systemy 

ills.,  2,978. 
Koerting  system*  ills«,  2,978. 
low  j>ressure,  mf.,  2,976. 
motive  foroewjDs.,  2,972. 
Mott  Iron  works,  radiation  table, 

2.998. 
one  pipe  system,  3,975. 
overhead  system,  2,977*    . 
pipes,    connections,    taking,    ills., 

2^970. 
pipe  size  table,  3,001. 
piping,  2,970-2,980* 
radiator,  figuring,  2,994,  2.998. 

heat  i^ven  off  by,  table,  2,993. 
radiation,  indirect,  2,997. 
Reck,  ills..  2,980. 
riser  connections,  taking,  ills.,  2,970. 
sui>erheating,  2,980. 
systems,  high  pressure,  2,976,  2,980. 
Jorgensen  and  Burchner,  ills., 

2.978. 
Koertmg,  ills.,  2,978. 
low  pressure,  def.,  2,976. 
one  pipe  system,  2,975. 
Reck,  ills.,  2,979. 
single  pil>e,  2,975. 
two   P|^  low  pressure,    ills., 
2,978,  2,974. 
temperature,  2,971. 
types,  2.971,  2,972. 
indirect,  heat,  amount,  2,997. 
pipe  size,  hot  air,  8,002.' 
plant,  Andrews,  ills.,  2,988,  2,980. 
rsdiators,  heat  given  off  by,  2,993. 
return  line,  vacuum,  ills.,  2,992. 
steam,   anti-syphon  seal,  Moltne,  His., 

2.958. 
hamper  regulator,  Dunham,  iUs.,  2,987. 
drips,  method,  ills.,  2,999. 
dry  return,  2,919. 
eccentric,  reducing,  31s.,  3,000. 
ejector,  Moline,  ills.,  2,958. 
exhaust,  2.960. 
fitting,  lift,  ills.,  2,960w 
heat  Toss,  2.987-2,990. 
pipe,  size,  table,  3^000.  8,001. 
radiator^  piping,  Dunham,  ins.,  2,931. 
under  seat,  installing,  method.  His., 
2,995. 
return,  2,919. 
risers,  3,000. 
systems,  class.,  2,916. 

combined,  ills.,  2,939,  2,941. 
dry  return,  2,919. 
low  pressure  system,  2,917. 
one  pme  system,  operation,  2,010. 
underfeed  relief  systems,  one  pipe, 
2,917. 
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_, J,  aU.,  2.933. 

syttem,  ills.,  2.e43-2,«M. 
TBpOI  wytttD,  7  *■•* 


na.,  a.03S,  2,«il. 

n!£(^af»tM?fliii.,  2.eST. 

unpuke,  DWenntiBl,  ilU.,  2,M4. 
Etov«,  2,ei2. 

luifuqe     tacton,     gicentiDiue.   heBtins, 
3.001, 

vintilition,  S.Ora,  3.005.' 


High,    level    amAtrmet,    ills.,    3,120-3.123, 
'3.128,  3.130. 

ptewm  hot  water  he&tiiu,  2,S7S. 

■md  elevaton.  3.211. 
Hitch,  ropa,  BUckwcll,  illi.,  3.306. 

dovi,  flil.,  3,306,  3,307,  3,310. 

Gombmed  timber  and  balf,  3,31S. 

det.,  3.304. 

dcmble,  def.,  3,306,  Bit.,  3.307. 

twlf,  illl.,  3.3  IS. 

nnind  turn  and  half,  ilta.,  3,307. 

timber,  ills.,  3,31fi. 
Hitching  tie,  3,330. 
Hob,  pie  tapping,  ills.,  2.SS7. 
RoiKM.  ur,  3,281,  3,384.  3,286. 

ud  cian«,  3,2&»-3,300. 

block  and  ItOI,  3,381. 

bloc^  3.286-3,239. 

bun  mud  and  guide  (heavea,  iUh.,  3.379. 

cmbla  ihackle.  8.292. 

cableway,  3,300. 

chains  imd  chain  fitlingi,  ills.,  3,281, 


n,  S,3gS. 

J,  3.279,  3.283.  3.3S3. 

doBbla  actma,  lOs,  3.3SS. 
dlivc,  mine,  3.299. 
dnuBi,  mine,  8,290. 
deetricslzn. 
fitting  derrick,  3.379. 
Soot  controlled,  ills.,  3.293. 


grapple*,  uls.,  3.392. 

Earid,  3.279. 

Utcb,  3,310. 

hoiatinB  speed  table,  3.290. 

limit  stop,  ilia.,  3,29«. 

mine,3,m 

motors,  3,297'3.399. 

Northern,  iHi.,  3,293. 

planetary,  ills.,  3,389. 


HattUt), — CoMhiiud 
tiilUy,  3,288-3.238. 

block  and  f^,  3,279. 
lope,  3.279.  3.310. 
.h«,»_  blocks,  3.288. 

'    "      iUi.,    3,283 


'    ihaft,    1 
,  ills..  S,2t,. 
■ -■)](,  3.290. 

spur  geand.  3,279. 

telpherage,  3.294. 


Impulu  vail 
iDboud 


n  heating  system,  ills.r 
1  heating,  difretontisl. 


Indicator  car 

barometer  cbangea,  3,103. 

--'-■ ^-e,  3jl03. 

!,  8,106.  . 


heiituc,  2.966-2,960. 


.',  ilia.,  3.126. 3,127. 3,128, 

muvjT.  inoitationB,  8,235. 
Injector,  coodenier,  diag.,  3.120. 


Induction,  cc 

Injector,  coo ,  — ,. 

Iron  dust,  beating,  galTa 


XII 
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Jackson  element*  electric  heating,  2,983. 

Jam  hitch,  3.320. 

Jarecld,  ammonia  fittings,  ills.,  8,025. 

bushing,  ills.,  2,848.    ■ 

ovoss,  malleable,  ills.,  2,860. 

elbow,  side  outlet,  ills.,  2,856. 

flanges*  cast  iron,  ills.,  2.842-2.843. 

nippleis),  ills.,  2.838. 
holder,  ills.,  2.840. 

offset,  standard,  cast  iron,  ills.,  2.849. 

return  bend,  side  and  back  outlet,  ills., 
2.855,  2.856. 

tee,  branch,  ills.,  2.856. 
Jefferson,  joint,  brass  to  iron,  ills.,  2,846. 

union,  flaxuze,  gasket,  ills.,  2,847. 
Jet  condenser,  3,1 11. 

coumer-ftow,  diag.,  8,115. 

and  piuaMel,  combined,  ills.,  3,116. 

low  level,  ills.,  3,114. 

operation,  3,128. 

parallel  flow,  low  level,  Worthington, 
ills.,  3,118. 

pumps,  3,145. 

calculating,  3,145. 
Jib  crane,  3,260,  3,262,  3,265,  3,269,  3,273. 
,  inniwinks  derrick,  ills.,  3.276. 
joining,  pipe  fitting,  2.836. 
Joint  (s),  bell  and  spigot,  2,820.    * 

bwuiings,  2,848. 

classification,  t>ower  plant,  2,800. 

dry,  2,831. 

flanges,  ills.,  2,844,  2,845,  2347. 

ground,  ills.,  2,846. 

hydrostatic,  2,832. 

lead,   2.832. 

Mathesen,  2,832. 

rust,  2,833. 

union,  2,834,  2345. 

wiped,  2.834. 

screwed,  making  tight,  2,896-2,900. 
tigfa,  threads,  2,899. 

fittings  for,  ills.,  2,898. 
various  types,  ills.,  2,845. 
Jorgensen  &  Burchner  heating  system,  ills., 
2,978. 


K 


Kaestner  and  Hecht,  elevator  brake,  ills., 

3.232. 
Kansas  City,  freight  elevators,  ills.,  3.227. 

plunger  elevator,  ills.,  3,225. 
Keel  condenser,  ills.,  3,110,  3.131-3.134. 

see  Condenser(s),  ked, 
Kelly- Jones,    elbows,  malleable   iron,    ills., 
2,851. 

malleable  iron  pipe  railing,  ills.,  2.900. 

Y  branch,  ills.,  2.850. 
Knots,  see  Rope  laiots. 


Koerting,  bilge  syphons,  ills.,  3.168. 

condenser,  induction,  ills.,  3.128. 

heating  S3rstem,  ills.,  2.978. 

induction  condenser,  ills.,  3.128. 
KroescheU  compressor,  ills.,  3,083. 


L 


Lashing,  ropes.  3,300. 
Lay,  rei>es,  det.,  3.304. 
Lead,  joint  pipe  fitting,  2,832. 
wool,  pipe  fitting,  2332. 
Lift  fittixigs,  steam  heieiting,  iUs.,  2,960. 

pump  condenser,  ills.,  3(104. 
Limit,  sU>pf  elevators,  machine,  ills.,  3,215. 

cranes,  3,258. 
Line  pi|»e,  2,832. 

xefrigeration.  3;024. 
Lip  union,  pii>e  nttmg,  2,832. 
Load     balancing     classification,     elevators, 

8,204. 
Locomotive,  jib  crane,  3,261,  3,262,  3.269, 
3,273. 
electric,  ills.,  3,262. 
gear,  3,273. 
LoopCs),  steam,  ills.,  2,925,  2,927,  2,930. 

see  Rope  loops. 
Louvre  fence,  spray  pond  drift  spray,  uses, 

ills.,  8,185. 
Low  level  condensers,  combined  counter  and 
parallel  flow,  ills.,  3,119. 
Jei,  ills.,  3,112,  8,114,  3,144. 
parallel  flow,  ills.,  3,118. 
Low,  pressure,  hot  water  heating,  2,976. 
steam  heating  systems,  2,917. 


Machine  (s),  elevator,  see  Blevator  machines. 

pipe  threading,  ills..  2,888,  2,884. 

refrigeration,  see  Refrifljeration  machines. 
Main,  hot  water  heating,  size,  table,  3,001. 

risers,  steam  heating,  iHs;  3.000,  3,001. 
Make  up,  fitting,  pipe,  see  Pii>e  fittings. 

pipe,  tight  joint,  heat,  2.£^. 

vidve,  ms.,  2.962,  2,964. 
Malleable  iron,  fittings,  2,834. 

pipe  railing,  Kelly  &  Jones,  ills.,  2.900. 
Manila  rope,  three  strand,  properties,  table. 
8,303. 

transmission,  8\3d8,  8,342. 
Manifolds,  evaporator,  3.161,  3.167. 

pipe  fitting,  2.832. 
Marine,  compressor,  ills.,  3.083. 

crane,  ills.,  8,271. 

distiller,  3,159. 

engine,  driving  pumps,  3,146. 

feed  water  required,  8,151.        , 

evaporator,  3.163. 

ice  making,  see  Marine  refrigeratioii. 

installation,  distiller,  3.159.  • 

power  plant  design,  lUs.,  2,902. 
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noVucroMiH,  comprsMor,  ills.. 
maikint,  SXiSt,  3.001. 

carbmic  icid,  Hall,  i] 
ttint,  ms.,  3.001. 
Moriin  apikz,  ui«,  it!.,  3,304. 


frrujic,  (r<HC,  S^l. 
'  -■"-.,  8,270. 


n^igantioD.     Bninawick     application, 
ms.,  3,086. 

'™™™  2.e54-z'Mb. 
HediucQ  prenun.  pipe.  2.B32. 
Uerdumt  pipe,  2,a2B, 
Mercury,  seal,  steam  headna,  voctnun  sys- 


M.  I.  P.,  Rduceis, 

Uillac.  double  tub 

knot,  3,322. 
Miiw  heist,  diivs,  3.ZBg. 
Mixinff    dufliber,    indirect    heating. 


2,057. 

Mooo-nil  tracks,  ills.,  3,20S. 
Motor(s),  adjustable  speed,  ele^ 


.    ills.. 


ator,  3.235. 
aiicnwuuK  liunciii,  e>cv>u>c,  3,23£. 
crane,  3^,  3.280. 
dinct  cunsBt,  clevatof,  3.235. 
<l(MMr,  adjustable  speed,, 

tlttrtM^Ba  current,  ius.,  a.a. 

dinct  Guiient,  3.233,  3,235. 

•IwMe,  3.230-3,235. 

T-*— "■>  reaistsnce,  3,235. 

bonepower,  diss.,  3.231. 


.,3,234. 


npi&ion  i 


reatuion  induction,  elevati 
split  phase  Btsndord,  3,23 

telpher,  3.297,  3',298. 


N 


National,  pipe,  steel,  nwnuCacture,  2.321. 
Natunl,  otculation,  hot  water  heating,  ilb., 
Z,B72,  2.074. 

oooUlu:  ponda,  S.180,  3.1S1. 

flow/Zls.,  3,180. 


ies,  crmno.  uia.,  atv, 
i^e(i),  dose,  2.S30. 

cutter,  ills.,  2338,  3,839.  2.885. 

holder,  ills.,  2.K9, 2,840, 2  "" 


.illl.,  2.832.  233/,  2.B30,  2.884. 
pipetess,  hidder,  Ols.,  2.330, 2.S40,  2.385. 
^pe,  right  and  leCt,  ills.,  2,338. 
aliort,  2.833. 

■        ■■    leli    _ 

-.ii^SllOS. 
Northen.  crane,  ills.,  S,2fl0. 
hoist,  ills..  3.293. 
hoistinif  speed  table,  3.200. 
Nossles,  tfray,  coolins  pondi,  3.18S. 

CDolina  pipe,  Badaer,  ills.,  3.1KS. 
Nuu,  locte  ilia.,  3.840. 
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.      .. ---  jentioii,  ill*.,  3 
tuba,  illL,  8,130, 
ipontoT,  3,167. 


3,110.    8,118,    3,119, 

0.130,  S.132. 

jtt    condauer,    Wofthinglon.    low 
leral,  iUi.,  3.118. 
Puulled,  npa,  dai.,  3,3W. 
Putial  vncuum,  condeiuer,  S.OSB. 
PiHovcr  n]v«,  3.2S0. 


Phoemi,  desieat,  clectnc  hcatinE,  2,933. 

Pbotpboc  broDH,  raeUUic  vbIve,  mi.,  3,140. 

Pictet  compRUDT,  3,075. 

Pillu  jib,  cniu,  3.291. 

Pilot  vbIts  control,  elu'nton,  3Jt24.  S.228. 

Pipe,  itad,  refrigeratioD.  illi.,  3jmS. 

wroiulit  itiwl,  ■tindud,  ndii.  2.390. 

A«ul><il,  2,389-2,393. 
tooli,  2,391-2393. 

branch,  2.830. 

biiiT  lanovinE,  illi.,  2307. 

card  weight,  3,830. 

cemenO.BeS. 

clMelnc,  erevsntion,  illi.,  23afi,  2,360. 

coaToulaiig  fP,  ill*-.  23M.  2S6S. 

caadenun,  dtuiiig,  iUi.,  3.07S. 

cutter,  ill*.,  2fie5-iM^  8.839. 

dia.^£,  3.sV&'23Bfi. 
diach«ra«  lefriaeratjini,  3.033. 
double  extra  stnmB,  S3M. 
drill,  typea,  ills.,  2^87, 23BS. 
exhaust,  mariae  power  plant,  iUi.,  2,902. 
utrn,  heavr,  2,827,  2.831. 
■troHE,  2,324,  2.910. 


hjfdraulic,  2,SZ7, 

loigthi,  aUowance*,  'l.SOl. 

Ime,  2,832. 

low  prenuie,  2.827. 

KuloTU  up,  ticht  icdnt,  2300. 

manuiacture,  3,325. 

nuHurements,  ill*.,  2,903,  S.OU 


trasurt,  inattiOB,  2,( 
medium,  2332. 


TefrifBTstioii,  3.i 


2^87,  2.868,  3,388. 


,  diiUinc  for,  iDa.,  a38ft-233a. 
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east  steel,  3^ 

comiliiu,  1,S3D,  a.SiO,'2,S41. 

trMtTaii.,  ajm,  sisw. 

ov«r.  2.sai. 
dinctiDiul,  lib.,  S,83e,  a.S4»-3,8»G. 
Mom,  ifiiO-2Mi. 

bnnch,  double,  2.S31. 

■tda  outlet,  bIhs  *ad  wnighti,  uU-, 

(tnet,2.B33. 

nrious  Idodi,  3.830,  2,S31,  Z.S33. 

.3,SMI.  , 

<kt  tiDud,  ill*,,  a.ge9. 

forged  ited,  3^86. 
beader,  3,831. 


uioa  or  iofaiing,  iU>..  2.S36-Z, 
t((i),  Uind,  aii.,  2,8(11,  33S3. 
ilt^—rif-,^  iUl.,  3,M2'2,84G. 


oinU?),  3,838-3.834,  3.S11. 
icnwed,  tyjiel,  ilU.,  2.849. 
^  thnsdi^lenp^,  illa..  3,901. 


ofiJoad),  2,84S-33iT. 

enxnn  Mid  terw,  2.SIHI. 

VBrioiu  Idndl,  3.833-3,834. 
hJh,  croa,  2,831. 

needle,  3333. 
Tuioul.  2.836. 

WTODsht,  veight,  de>.,  ilk.,  3,834. 
<ry«,  2,834. 
Y  bnnch.  ilk.,  2.SSfi. 
PipeleB  fumsce,  hot  air,  IUl.,  2,614. 
PipinE,  condenute,  ilia.,  2.003. 
f^RUce,  Hot  MT,  iUk,  2.gi3. 
hot  water  heatina,  2,070-3.980. 
indirect   hatjns   tyeton.    ilia.,    3,960- 

3,eee. 

StoriuMMW  //,  ilk..  2,002. 
lUam,  loop,  ilk.,  2,003. 

kialini,  ilk.,  2,018,  3,820-2.633. 

atmasphiric  pruturi,  ilk.,  2 .032- 

■nd  vacuum,  ilk.,  2.040- 

2,»oe. 

eihBuat  ■yatem,  2.663-2,660. 
stsamer,  power  pUDt,  antbor'i  desun, 
for  iteamsr  AornaiBaB  II,  iSa., 
2,003. 
Piiton,  air  tump.  Ok.,  3,197. 
^^Md.a.154. 

elevkton,  9,337,  8,230i  S.330. 

refriBHation,  8M3. 
Pitch,  t^  cdl.  lUl.,  3,8M.  3,SGS,  3,634. 

■team  pipe,  ilia.,  3,918-3,083. 
PlanetMy,  ipuz  bmtmI  hokt,  lib.,  S,2S9. 


.,  3.017. 
Plate  ica  lyttemB,  reFriger&tion,  Bclipae,  ilk., 

3,065,  3,007. 
Plus,  pipe,  vsiioui,  ilk^  2,800,  2.SS1. 


Polypbaae  elevator  motor,  3.336. 
Ponds,  cooling,  eee  CooUiiapaiiili. 

spray,  dee.,  3.184, 3.186. 
Pawn,  application  clmeifleation,   ekvaton, 
3.203. 
lioiit,telt>llei,  3,300. 

motive,  elevaton,  clan.,  8JE03.  . 

plant,  marine,  pipins,  for  steamer  Stor- 

naWD«I/7iD>.,  2.602.  | 


INDEX  OF  GUIDE  No.  7 


PtsM  and  Whitney,  hob,  pipe,  ilb.,  2,SS7. 

tv  uid  diilt,  iUl,  23ST. 
Pnseo  vacuum  iteun  beatii^  •yittm,  Weh 

■ter,  ilia.,  3.M2. 
Pnann.  abmlute,  3,103. 
'  lie,  8,102. 

-J,8,10S. 
.— .  jindHuen,  8,100. 
mncBW.  pve,  9,816. 
djgwntt,  itaun  IwMins,  Ilk..  Z.<iaO. 
dnp,  coBdanMr,  8  J8e. 
pjpa,  buntnig,  23ZT. 

hMVT,  1,838. 
Mf.OM^nin,  3.883. 

■■fa  iBDrlasa,  9,836,  3,827. 

■taadaidTslnS. 

t(^3,^. 


5^kSs: 


icsnlBtoTi  beatiac  nWcm,  ilU.,  2.CI&5. 
•Mam,    atmoapkenc    prcsun,   heatini 

ilb.,  9,033. 
"--  1^  finins^  3,827. 


ProductioD, 

B.Olt. 

of  heat  br  electricity,  3,981. 
VtiOKflf),  alavstor,  3.34^  3,264 

hniti,  3.286-3,288. 

Tottt,  S.333-3.33S. 


travehns,  elevat««,  dins.,  3.316. 
imp(>),  »ir,  clnniGcatioD,  S.IU. 

coDdenaer,  3,111-3,113,  3.116, 3.11T, 

3,1  SG,  3.1^. 
diqilacemeDt,  S.1S4. 
dcr.WhMler,  iUB.,  3.14S. 


it  coDdeoseT,  3.124,  3.12B, 
i  Kmaensttf  3.14£. 

calculating,  3,145. 
t,  coiidBiuer,  operation,  dia«.,  3.104. 
iMin,  heating  syatem.  illi.,  2,004. 


»n,  a,ia/. 
aawaroB,  uii.,  3,147. 
Mullan,  flb.,  3.148,  3.140. 
WhMter,  dry  air,  ilk.,  3.147. 
Purapinc  plant,  AlevaMr,  iUa.,  3.236, 1 


1  itraiH,  nfrlaenlioa 


Radiator,  Am.   Radiator   Co.,  ilU.,   2,006, 
2i097. 

justnualt,  illi.,  2.e3i,  2.040. 


.     .         .2,076. 

dimsuiani,  2.906. 

diMributiaa  teei,  ilia.,  2,076. 

otimatiiig  ndiatjon,  2.006. 

heat  siven  off  by,  table,  2,903. 

hot  air  funuce,  Moellei,  iUl.,  2,912. 

hot  leattr  ktalini,  indirect,  3M7. 

one  pipe,  2.S7S. 
isdinct,   headns  ayMem,   Dla.,    2.066, 

2.06772.007. 
proportionB,  3.006.  ■ 
radutkm,  estiiaatin^  2.900. 
retainer  valve,  thensoatatic  ilia..  3,040. 
Iluiii    htatiiv,    elevation,    lav.    2,034. 
2.02S. 
ills.,  2.918-2,933. 
iDdirect,2.0aT. 
pqMng,  Dunham,  illi.,  3,036. 
under  seat,  instaJllng,  method,  Qla., 

2,995, 
water   bound,   cauae,   ilia.,    2,024. 
2.025. 
luam,  tofHHn  djutsa,  sifiag,  tDa.,  3,046 
2.066. 
tempcratuie,  2,048, 

'  re,  pacUeai,  itlL,  2,038. 
3.90&._ 

2.066. 


tappii^i  3.90 
trap,  iOs.,  2.( 
nr'vr,  air,  indirect  heatins, 

fractioaal,  ilia.,  2.059. 

packleia.  iteam,  ills..  2.046, 2.053. 

tbennoatatic,  ilia.,  2,059. 

vacuum  retainer,  ilia.,  3.061,  2.062. 
vapor  vBcnum,  down  Sow,  ills.,  2.033. 
window,  2,007. 
Radius,  pipe  benda,  3.800. 
"Radojet      air   pump,    ilia.,    3,112,    3.1B2, 


Reamer,  npe,  Ula.,  3.86T,  MtS,  3480. 
Rebotlcf,  tlb.,  SSm,  3,070. 
Receding  npe  threader,  3.874. 

learsd,  I'oledo.  Ula.,  2,876. 
Receiver,  heating  nratem,  ilia.,  2,963. 

refrigeration,  8,014,  3,010,  3,030. 
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Keck  hot  mtet  heatiag  avatsm,'  UIg.,  2,976, 

Koctifier  lefrigetation,  3/MO,  3,053,  3.0S5. 
Rectitiiuar  crane,  3.2110,  3  J6S. 
Rsdnnr,  pipe  fittiag.  2.832,  2.MS,  2,S4e. 
Redudos,  ecc«atric,  in  eteani  baatiog,  illi.. 


»-& 


ammtmia,  3.033. 
olnKHftflif,  3,033,  3.034. 

tiDUgh.  3.035, 
douUe  ^pe,  3,033,  3.052,  3,055. 
Rmoving  ur  and  gu,  ill*.,  3.0T1. 
B  up,  8.038. 

oonoMlins' tanjc  method,  3.022,  3.021. 

coofer,  3^090. 

dairy  plant,  ills.,  3,085. 

De  la  VemM  otant,  iUi.,  3.018,  3.093. 


IUfri«*ratlsn.— CmlJHiud 

denae  air  machine,  3.087. 

direct  eipanuon,  lynem,  3.014,  3.020. 

auiUini,  eihaiut  Bteun,  3,083. 

from  enjjne  uhann,  ill).,  3/192. 

leboiler,  lUs.,  3.000,  3.070. 

■fkimming  tank,  iUa.,  3,068. 
dry  comptesaioa  system,  3X126. 
Edqne  plant,  3,005. 
■iectot,  ills.,  3.075. 

nsystem,  des., 3,088.  . 


I,  coils,  it 
>,  3,010. 


frirwiitt  tank,  and  coila,  3.017.  ■ 

Eclipse,  illB.,  3,005. 
Pride  compressor,  ills..  3.027. 

Eoiici,  ammonia,  ills.,  3,026. 

bOBid,  illt.,  3,016. 
Idurolsr,  polar,  ills.,  3,040,  3.051. 

York,  nil.,  3.048. 
ict,  can  dumper,  ills.,  3.004. 

machine,  3.077. 

plant,   3.017,   3.090,  3.093,   3.098. 


trap,  S.038. 
opeiatinji,  Audiffiem,  3,076. 
fift,  twad,  solid  return,  ills.,  3.073. 

by  pass,  3.028. 

diKhaise,  3,023. 

fittinn,  3.025.  3.074. 

Iiaer3.024. 

return,  froatiDa,  3,030. 

stand,  ills.,  3i035. 

section,  3,028. 
pilUm,  3,043. 

rioBB,  3,042- 
pUnt,  3,017,  3.O90,  3,093,  3.096,  3.097. 
pUte  ice  system.  Eclipse,  ills.,  3,007. 

3.062. 
radiating  discs  and  stopi,  3,018. 
receiver,  3,014.  S.019,  3.039. 
nsctilier,  3,050,  3,053,  3.055.  ^ 
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IUIiic«ration,— CoMlJniMd 

rdrigerant  presstirest  taUe»  3,079. 

regenerator*  3,019. 

retort,  3,051. 

return  bend,  double  pipe»  ills.*  8,054. 

scale  trap,  3.038. 

temi-indirect  tranimiimon,  ills.,  3,022, 

8,024. 
tmaU  can  plant,  ills.,  8,017. 
stiU,  3,051. 
stuffing  box,  8,041. 
sulphurous  add  system,  8,075. 
tank,     oonMaling,     elementary,     ills., 

temperatures,  low,  production,  methods, 
.  3,011. 

vacuum  and  brine  temperatures,  table, 

8,0S1. 
m/ss,  expansion,  3,022. 

needle,  enanskm,  3,086. 
throttle,  8.080. 
washout,  ills.,  3.089. 
Vilter,  small  can  plant,  8,017» 
water  vapor,  3,050. 
wet  compression  sjrstem,  8,020. 
York,  compressor,  iUs.,  8,027. 
Rsfrigeratioti  Systems,  3,011,  3,012. 

ammonia     absoxption,     3,018,     3.043, 

8,045-3,055. 
ammonia  comx>ression,  8,013-3.042. 
brine  circulating,  8,021,  8,022. 
brine  transmission,  8,076. 
can,  3,091. 
carbonic  add,  3,082. 
classification,  8,013. 
COt,  8.082. 
cold  air,  3.024. 

compression,  ammonia,  8,018-3.&:L2. 
direct  expansion,  8,014,  3,020. 
ether,  8,085,  8,088. 
ethyl,  chloride,  iUs.,  3,078,  8.080. 
indirect  expansion,  3.020,  3.02l. 
mechanical.  3,001. 
pipe  line,  3.024. 
semi-indirect,  8.022,  3,024. 
sulphurous  add,  3,075. 
Regenerative,  crane  control.  3,272. 
Regenerator,  refrigeration,  3.019. 
Register,  indirect  heating,  ills.,  2,966,  2,908. 
Regulator,  damptr,  steam  heating,  Dunham, 
ills.,  2,937. 
steam    beating,     natural    vacuum 
s^tem,  ills.,  2.949-2.954, 2.956 
Regulator,     diaphragm,     atmospheric    and 
vacuum  systems,  ills.,  2.940. 
temperature,  heating,  ills.,  2,963. 
Reilly,  eoopcralorp  marine  installation,  ills., 
8,168. 
multi-coil,  ills.,  3,161.  3,168. 
submeraed  tjrpe,  ills.,  3,162. 
Relaying,  rope,  3,825. 
Resistance  wires,  electric  heating;  2,981. 
Retainer  valve,   thermostatic,   ills.,   2,949, 
2  959. 
vacuum,  ills.,  2,961,  2,962. 
Retort,  refrigeration,  8,051. 


Return,  bend^  pipe,  2,851-2,865* 

piptp  coil,  ills.,  2,854,  2,855. 

malleable,     dimensionSf     iHs.^ 
2,852,  2,858. 

steam  heating,  water  level,  ills.* 
2,918,  2,920,  2,925. 
steam  heating,  dry,  2,919. 
Rheostatic  crane  brake,  8,272. 
Ridgway,  crane,  hydraulic,  ills.,  8,268t  8,264* 
elepotoris)^  iUs.,  3,216,  3,218. 
hoist,  ills.,  8,268. 
Riser(s),    hot   water    heating  onmections* 
taking,  ills.,  2,970. 
steam  heatingTuU.,  2,918,  2,920,  2.021. 
2,923,  2,925,  2,926-2,983. 
main,  ills.,  3,000. 
Roberts-Hamilton,  damper  regulator,  iUs.* 
2,951,  2,954. 
heating   system,   vapor  vacuum   ills.* 
2,952. 
Rolling  hitch,  8,310. 

Roof  type  spray  pond,  spray,  ills.,  8,186. 
Room  Heating  by  electndty,  2,985. 
Rope(s),  belay,  def.,  8.304. 
bend,  3,304. 

anchor,  ilk.,  3316. 
arrick,  des.,  8.805,  ills,,  8.806. 
lisherman's,  ills.,  8,307* 
sheet,  ills.,  3,806. 
bi^ht,  def.,  8,304. 
colling,  method,  ills.,  8,301. 
continuous  drive,  3,882-3.388* 
crowning,  3,825,  8.326. 
emergency  trip  sling,  8,327* 
ends,  treatment  of,  3,826. 
grooves,  3,335,  3,336,  8.349. 
halter  tie,  3,830. 
haul,  def.,  3.304. 

Muh,    Blackwell,    8304,  ills.,    8,806» 
3.322. 
drcus,  3,319. 
clove,  ills.,    8306,   3307,    8,316f 

3318,  8i819. 
combined,  timber  and  half,    ills.* 

3316. 
eowbo3rs,  8318* 
crossing,  8,822. 
double,  def.,  8,306,  ills.,  8307. 
haU,  ills.,  3,315,  3,318.     . 
round  turn  and  hidf,  ills.,  3,807* 
timber,  ills.,  3,315. 
harness,  3,821. 
hoisting,  3,310. 
jam,  3,320. 
rolling,  3,323. 
sailors,  3,318. 
scaffold,  3319. 
timber,  3,310. 
hitching  tie,  3.330. 
■hoisting  trip  sung,  8327. 
horse  power,  table,  8387. 
knot{s),   bowline,   8305,  8312,    8,aiS» 
3314. 
catspaw,  3.323. 
def.,  3.304. 
elements,  8315,  ills.,  3.316. 
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giain  binder  s,  3.320. 

UtduoB  tie,  3,330. 
luhinc,  3,300. 

miller'i,  3,323. 

reef,  drf.,  ill).,  3,306., 


Mevadon'i,  3,30£>,  3.3 
■oaoR,  3,320. 
Seory  of,  3.310. 
timber  hitch,  3.310. 
mil,  331T. 

,3317. 


3,314. 


luUns,  3,309. 
Uy,  del.,  3," 

nemlit 

nund  Miiins,  3,309. 
mimlla,  thne,  itnind,  pnTMrtiei.  tablci, 

am. 

tnumniision.  3,338,  3,342. 
suiSn  nike,  dcf.,  3,301. 
parcelledTdef .,  3.304. 
Dower  transmission,  3.331-3.333. 


h,.3.^! 


properti 
splide,  3 
system. 


342. 

?,  Ills.,  3.334. 
.342. 
if,  3,337,  3,33S. 

,',  Sis.,  3.331. 

le'endB,  3,327, 

i'."3',349-3.3flO.        "'" 


yam,  def.,  3.304. 
Ratury,  air  pump,  ills..  3.1fi3. 

cnns,  S,2SS,  3,2S1. 
RntRi  valve,  ills.,  3.140. 
Round,  seiang,  loop,  3,300. 

3,30S. 
Row  sod  Davis  eviporstor,  3,lfl; 
Rubber  valve,  3,1S7. 
Run.  pipe  fittuig,  2,833. 
Rust  Joint,  pipa  fitting,  2,333. 


Sag,  ropes,  3.38S. 
Siiaors-  hitch,  3.31S. 
Scafiold  bitcb,  3.310. 


evapoiator,  ills.,  B.IW,  S.lTl. 

teed  vater  heater,  iOt.,  3,173. 

nrease  eirtractor  and  feed  witer  fitter, 
ills.,  3.17S. 
Scale  trap  refrieeiation.  3.038. 
Scores,  drum,  devaton,  8,2M. 
Screw  glands,   pscldi^   condedMr,   types. 

Screwed,  fittings,  pipe,  Z.SOS. 

joints,  inpe  Bttuigs,  ills.,  3,B4G. 
Seal,  antd-vyphon.  steam  heatmg,  ills..  2,0(8. 
~ ■   (,  2,»16. 


tee,  pipe  fitting,  2,833. 


S-SS, 


,  3.213,  8.211. 


Shaft  elevators,  3.213,  8.2 
ne.  ilia..  3471. 
motor,  ms.,  8.H9. 


Shactde  onchr 
Shaft  elevato 
Shaw,  crane. 

Sheaved),  Modis, 

rope,  3.33^. 
Sheep  shanks,  knot,  8,300,  8.83l>. 
Sheer  leoa  crane,  ills.,  3.267. 
Sheet  bend,  ropes,  ills.,  3,300. 
Shell,  design,  condensers,  3,139. 

type  refrigeration  snachme.  ills..  8 
Short  tuppLe.  pipe  fitting,  2,333. 
Shoulder,  pipe  fitting.  2,383. 
Shut  off,  pipe  fitting.  2,838. 
Sieie,  ropes,  def .,  3Mi. 
Single,  cylinder  winch,  iHb..  8,380. 

phsSB  devator  motor,  3,23S. 

shaft  hoists,  ills.,  3.283. 

tube  condenser,  His.,  3,130,  3,138. 
Sldnuniog  tank,  distilling,  3,068. 
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SUnai.  ciane.  ilia.,  3.293. 
^hoietioB,  iUi..  3,882. 
Slv  knot.  n^Hsa.ills..  3,303, 3,311. 
Snatch  bloda,  ills.,  3.381. 
Solenoid  nritch,  elevator,  8,241. 
&Mnuh  bovrtuw  knot,  ilia.,  3314. 
geedTcnuK.  3.MT-         ^ 

control,  elevators,  3,235. 
~  ■"         ailio,  repes,  def.,  3.30*. 


'hurline"  eir  pump,  ills.,  3,151. 
Rnpete)  spUoesliog). 
'     '^-    --   3J3S. 

CoDlias   p 


"dSKS 


r,  fittings,  cut  faon,  ilk.,  2,868. 

Spat,  gear  drivg,  elsvBtor,  3,247. 

g^rad  boist,  pUaetuy,  ills.,  3,2S0. 
Sqiure  fcmt,  S.820.  „ 

Sqniml  cage  lodDctlon  motor,  3,235. 
Standard,  condsnser,  ills.,  3,139,  3.138. 

pbmttr  ^tnoMV  ilU..  3.219.  3,220. 

^^%a.,    3.221.  '3,224. 
preasure.inpe,  2.S33. 
single  tube  condenser,  ills.,  3,130. 
BrrsBfU,  pipe,  diameter,  2,823. 

Bto^  pipe  beads,  radii,  3.S90. 
Starting,  cranes,  3.2se. 


'J^^TX^: 


I,  rf,217,  3.22*,  3,227. 

.280. 

cts,  motor,  crane,  3.2M. 

opmenti  3,206. 
,  oscillatiDB.  3,204, 3 
theoretic^  and   ac 


exhaust,  temperature,  3,108. 
fitting,  see  pipe  fitting, 
hydraulic  crane,  ills.,  3,204. 
iet  air  pump.  ilte..  3,162. 
lighter  than  air,  2.S33;_2.S40^  2;fl5S' 


Phing, 


air,  ^.vao,  A.vwi,  ^.wjh. 
he!.tmg,  dla.,  2,025,  S.92T, 

2,930. 

lambestmg,  sue.  water  padcct, 

)-2.3&S. 
-e  and  vacuum 
sritem.   Ills.,    2,9*0,    2,BB0. 
power  plant,  marine,  ills.,  2,902. 
vacuom  heating,  ult..  2.943. 
triautt,  atmoiphenc  prewire  heatmg, 
illfc.  8,932. 
vwawm  heating,  2,943,  2.947. 
■Mwntor,  heating  eyrtem,  ilta..  2.98*. 
tempuatBK,    damper    regulator,    ills., 

2.958-2,96*.    ..       

han.  tuntjiw  mtem.  iUs,.  2,9M. 

/.  condenser  tiutalla- 
3.132,  3.133. 


^oo^m.,  3.132,  3.1 
MV  H.  low  level  air 


L 


Stevedore's  knot,  3.309,  3,316 
Still,  refrigeration,  3.061. 
Sto^  pipe,  ills.,  3,ST0. 
Stop(B),  Umit,  crane,  3J!6B. 

timit,  elevator,  machioa,  ills.,  3.216. 

hoist,  3,296. 
lolM,  elevator,  3  J3B. 

refiigeTstion.  3,088. 

steam  engine,  Ob.,  3W2. 
Stove,  hutmg,  8,912. 
Strand,  ropeTuls-.  3.302.  3304, 3^44. 


SrfJKm.  anti — .  eeal,  ■ 


Tkble,  etpacBioa  olw, 


r,  2.073. 
lions,  2,863. 
^  2,8*2-3,844. 


hot  icater  lieatine  mum,  S.OU. 
of  rope  properties,  3.303. 
of  steem  hestiiig  maiiu,  auMj^JMl. 
overall  dimeosiona,  pipe,  2.907. 

tipt,  eftrs  niimg,  ptopertica,  S.VIO 
W**,  tropirlia, 

double  extra  itroiuF.  2,910 


, 1,  iUs.,  3,8fi2 

•8,356 

threadh),  Americaa  Brigtts  stand- 
ard. 2.837. 
lewtlifor  tight  joint.  8.903. 

wTou^u  ■tsel.  bun^u  and  work- 


ing orenure,  3 
d  black  illB.,  3Jt 
ilb.,  3^28. 


INDEX  OF  GUIDE  No.  7 


Task,  eoocialiiw,  lefrinntioa,  elcmenCary. 

ins.,  zjm,  tjoti. 

■*pHwrifwi      hot    water    baatiDJE.    ilU-, 

a.Bra,  2,874. 
fneant,  Tefnecrstion,  BclipM  um  male- 
_  ing  lyitem,  SSt.,  S.OOS. 

Taiwr,  pitM,  ilk.,  3,823. 
^■PpNr-  pip^i  IM  Pipe  tapiniui. 
Taut,  iDp«,  deg..  ^.S^TOZS. 
TikIx).  pipi  filliagd).  branch,   3,830-2,933, 
2,SS6-2.SW. 
hot  mtcT  bcatinE.  2,976. 
union,  ills.,  2.863. 
Telpberacc,   3.2M. 
Telphen,  automatic,  3,205. 
bialH,  3.29B. 
moton,  3.207. 
non-mtomatic,  3,205. 
power  fcatuit*.  3J9fl,  3,297. 
tiacki,  3.298. 
Temperalure,  hot  wBt«  luaUnB,  3,B71. 

low,  n£ngeraCiiin,  praductian,  msthodB, 

3,011. 
rffHJafoii,  dectiic  heaten,  2,SS3. 
indinct  heaCiag,  illi.,  2A69. 
rcculatoT,  combinatHni,  illi.,  2,903. 
attun.  danvper  regulator,  illi.,  2,952- 

_     wiiter,  effect  on  weight,  2.073. 
TauOe  atrength,  pipeniBi?. 
Terry  denick,  ills.,  3,274,  3,278. 
TtKU,  pipe,  2,B3S,  2.32S. 
Theoretical  di«r»nn,  3.103,  ^,10^  8,107. 
Thttmo-Bcal,  r^ulator,  illi.,  2.052. 
TbennotUlie.  pnaaure  contiol,  illi.,  2.053. 
rain,  condeiiMr,  3.155. 

beatlna.  2,933,  2,»45.  2,943,  2.949, 
aMU.  2,SS9,  2.B62. 
nwoiMoa,  vacuum  pump,  ilia.,  2,955. 
Thread,  pqie,  mtt  Fie  iSrcai. 
•Hint  circuit  anangement,  electric  heaten, 
_  intanial.  illi.,  3,983. 

Thiottlins  engine,  3,I0S 
Ilia,  heat  lou,  3.BS7. 
TimbeT  hitch,  rope,  3,310,  3,315. 
Toledo  pipe  threadi,  illt.,  2,S7S. 
Toiu,  hiwtios.  ills-.  3,293. 
Todi,  Utt,  bending,  del..  3,S93. 

filtiflg,  ilia..  2,B«4,  a,SW-3J)10. 

thnader,     receding,      3,372-3375, 

Torricellian  ncuum,  3,099, 
tautx,  Goonng.  dais.,  3,100. 
Tnckm,  t^phei,  3,295,  3,293. 
Traction  anaurU),  3,209,  8,211,  3,213. 
drive,  ill*.,  3,310, 3.340,  3  J4S. 
en^ne,  3,3M,  3,209. 
Tiam  cmw,  8.201. 
Trairnniaatoo  dcraton.  3.244. 

rope,  3,331,  3,334.  3,337.  3.338.  3,342, 
3343-S.340. 
Itaa^iortatioii.  aerial,  telpherage,  3,204. 
Tian^Mrter,  crane,  3,2te,  3,263. 
1^,  oil,  2,SS4, 3,033. 

<t«ata    hating,    2.922,    1,934,     2.S35, 
2.03S.  2,039,  2.941,  2.9fl4. 


Traveling,  crane,  ills.,  3.SM,  S.SOS,  3,2», 

3.273, 
_      hoists,  power  required  to  drive,  3,273. 
Tncity  element,  electric  heating,  2,933. 
Tn-duty,  tnp,  air  and  vacuum,  ilia.,  2,935, 

2,930,  2,041. 
Trip  iting,  ropes,  3.327. 
Trolley,  crane,  3,26S. 
hoist,  ilia.,  3,206. 
Tubal,  candtnitr,  3.135-3,133,  3.142-3.144, 


fi  lyatem,  hot  wat<fr  heating,  i 

2.973,  2.974. 
n  heating,  ilia.,  2,031,  2.932. 


u 


n  healing  tyitem,  2.91 


Uiulerfeed  Bieam  neating  ayitem,  ^.Vl 
Undeneat  electric  heating,  ilia.,  2,085. 
Union,    pipe    Gting,    2.833,    2,834,    X.KIH, 

3.845-2,847,  3.863. 
Unit[>).  electric  heating,  2,981,  2,983. 

pover,  location,  elevalorg,  claaa.,  3.303. 
Universal  joint,  pipe,  01).,  2,902. 


,    and     brine     tempentiue,     table. 


diltillinE  refrigeration  syMem,  3,060. 


diitilling  refngeratioa 
gauge,  ilia..  3.101. 
heating,  see  Heating, 


ctuiging  r — ., .^, 

elamfication.  2,827. 
condenier,  Gutermutb.  lus. 
(IcDBlor  pilot,  ilia.,  3,233. 

plunger,  ills.,  3,331,  3.234, 
expansion,  refrigeration,  3,019,  3.' 
flap,  3,158. 

Oeiible  metallic,  ills.,  3,149. 
foot,  illi.,  3.1S7. 


JOn,  t^i4* 

r,  GutemiHtb,  ills.,  3,140. 
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gate»  ills.,  2,945,  3.155. 

|dobe»  ills.»  3,155. 

Gutermuth,  3.148,  3,140. 

head,  ills.,  3.157. 

impulse,  ills.,  J2«044. 

make  up,  ills.,  2,962,  2,964. 

metallic,  composition,  3.149. 

Mullan,  ills.,  3.149. 

needle  expansion,  3.086. 

pass  over,  3,280.  '^■ 

pipe  fittings,  2.831,  2,832. 

pressure  regulating,   iUs.,  2,962,  2.964, 

2,965. 
radiator,    air,    indirect    heating,    ills., 
2,966.  .^ 

fractional,  ills.,  2,959. 
packless,  ills.,  2,938,   2,945-2,952. 
retainer,  ills.,  2,949,  2,959. 
r^tgeration, 

by  pass,  ills.,  8,028. 
check,  3,059. 
discharge  stop,  3,028. 
expansion,  3,0t9,  3,058,  3.059. 
gnnding,  3,029. 
needle  expansion,  3,036. 
removing,  8,041. 
suction  stop,  ills.,  $,028. 
retamer,  thermostatic,  ills.,  2,959. 
Rotrex,  ills.,  3,149. 
rubber,  3,157. 
ttartins:,  3,280. 
stop,  elevators,  3,225. 
refrigeration,  3,028. 
.  steam  engine,  ills.,  2.902. 
swing  check,  ills.,  3,155. 
thermostatic,    atmospheric  and  vacutim 
system,  ills.,  2,940. 
condenser,  3.155. 

heating,  2,933,  2,945,  2,948,  2,949, 
2,956,  2,959,  2,962.  -    - 

throttle,  3,089. 

vacuum,  ills.,  2.956,  2,957,  2,961,  2,962. 
wash  out,  ills.,  3,089. 
Van   Auken,   bgtting  systei^,   ills.,   2,964, 

valve,  vacuum*  retainer,     ills.,  2,961. 
Vandeman  pipe  bending  form,  iHs.,  2,891. 
Vapor  system,  steam  heating,  ills.,  2.932- 

Velocity  ratio  clas^cation,  elevators,  3.204. 
Ventilation,  3,005. 

and  heating,  2.911-3,010. 

hydraulic  engine,  ills.,  3.229. 

rooms,  3.005-3,008. 

indirect  heating,  ills.,  2,967,  2,968. 

lequirements,  8,008. 

school  room,  3,007,  3,008. 

Vilter,  refrigeration  cperatirtff  irutruetionM, 

3,041. 
small  can  ice  plant,  ills.,  3,017. 
Vise,     pipe,     ills.,      2,864,      2,866. 
Vcgt     al»orption     refrigerating     machine, 

3,047. 
Voorhecs.  rsfrij-ration  directions,  3,046. 


W 


WaUang  «*ne,  3,261. 
WallCs),  elevators,  8,214. 

knot,  3,317. 
Walworth,  pipe  stodc,  ills.,  2.870. 
Warner     rf«»a<w^^  freight,     machine,     ills,, 

motor,  ills',  3,233,  3,234. 
Wash  out.  valve,  ills.   3.089. 

^^^jK.^P^^Yf  cooling,  ponds,  3.180. 
Syljnder,  cmne,  ills.,  3^264. 
distilling,  3,169. 

energy  of,  under  high  pressure,  3,218. 
expansion,  heat,  2,973. 

"'^'•o.n^"*   heating,    ills.,    2.923, 
heat*^,  see  Heater,  hot  water. 
^L^^^^^  system,  ills.,  2.064. 
FOCMt,  main  size,  steam  heating,  2.928. 
«*«a»5  lifting,  causes,  ills.,  2,922, 
^  2,923. 
under  high  pressure,  power  transmission, 

,  8,218. 

jejgt,  different  temperatmes,  2.973. 
works,  condenser,  Uls.,  3.143. 
Watt,  condenser,  3,182. 
Weaver's  knot,  3,317. 
Weights,  elevator,  counter,  3.254. 
Wc«8,  high  level,  condenser,  ills.,  3.129. 
Webster,  -Pres-Co"  vacuum  steam  heatins 
W-*      •       ^  system,  au.,  2.942.  ^ 

Wet   air,    P^^f-oo^^^,    9,112,  .»M3, 

u^  ♦•^*^^%a2i?^^»   8,147-3,149. 
heating,  2,958. 

Wet   retttm,   steam   heating,    ffls.,    2,918- 

Wharf  crane,  ills.,  3,271. 

Wheeler   Condemar    Co.,  evaporator,    ills., 

ills.,  3,112,  3,114,  8,143. 
coohng  tower,  ills.,  3,193. 
pump,  dry  air,  ills.,  8448. 
RadoM  air  pump,  ills.,  3.152,  3.153. 

Whipping  the  ends,  rope,  3,327. 
Winch  hoists,  ills.,  8,280,  3.281. 
Windlass  hoists,  Chinese,  ills.,  3.283. 
Wipe(d)  joint,  pipe  fitting,  2,834. 

rope,  3,349-3,360. 
Wirinfir  diagiam,  electric  heater,  ills.,  2.986. 
Wood,  heat  loss,  2.987. 
Wooden  feirulg^  ^c»de«.,  t«b.  padcb,. 

Wolf,  Tee  plant,  ills.,  3,090. 
Wool,  pipe  fittings,  lead,  2.832. 
Working  pressure,  pipe,  2,826,  2.827. 
Worm,  dnve,  elevator,  ills..  3,261,  8.263. 

gear,  dnye,  elevators,  3.260. 
^_5?«SJ-  ^'f  3,282,  3:b96. 
Worthington,  air  pump,  flls,,  8,151. 
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low  level  paraOiel  flow  jet  condeziser, 
i]]^.,  3^118. 
Wxenchest  pipe^  various,  ills.,  2,884~2,896. 
Wrought  pipes,  standard,  properties,  2,908* 
2,823. 
weight,  ills.,  2.824. 
Wuest  system,  herringbone  gears,  elevators, 

3,250, 
Wye,  pipe  fitting,  2,834. 


Y 


Yam,  rope,  def .,  3.304. 
Y  branch,  pipe*  ills.,  2,850. 
York,  ammonia  pump,  ills.,  3,062. 

generator  and  analyzer,  3,(H8. 

refrigeration  compressor,  ills.,  3,027. 


HAWKINS'  MECHANICAL 

DICTIONARY  $2 


Thto  volume  la  the  moat  useful  book  In  Mech«nl<Ml 

'  Literature.     If  constantly  referred  to  will  enable  the 

■dent  to  acquire 

a  correct  tncnd- 

edge  of  the 

words,  terms 

in  use  in 
Mechanical 
Engineering 
ana  its  van- 


lu  great- 


intfaist  that 
DO  man  rM>- 
resenting  the  ' 
mechanical 


the  terma 

wwfc. 

Hawkins' 
Mechanical 
Dictionary 
xplains  and  de- 
a  plain  language 
of   words   and 
m!  or  heKtofore 
dc  ArU,  Trades 
and  Sciences. 
It  B  an  iinequaled  reference  work,  and  is  the  one 
book  of  permanent  value  no  student  or  expect  should 
dispense  with.     Compile  from  A  to  Z.    H^hty  en- 
dorsed.   Price,  $2,  postpaid. 


ii 


i 
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That's  Just  what  I  Needf ' 


UERE  Is  a  set  of  books  that  no  man  in  the  ELEC- 
"•  TRICAL  FIELD  should  do  without.  This  is  the 
ELECTRICAL  AGE  in  which  we  live;  ELECTRIC- 
ITY now  controls  more  trades,  directs  more  men* 
offers  more  opixntunities  than  any  other  power  that 
man  has  yet  discovered.  Do  you  wish  to  know  the 
underlying  principles  of  MODERN  ELECTRICAL 

praCtiCa? 

If  so,  HAWKINS  ELECTRICAL  GUIDES  wiU  give 
you  the  information.  In  reality  they  are  a  school 
within  themselves,  containing  a  complete  study  course 
with  QUESTIONS,  ANSWERS  AND  ILLtJSTRA- 
TIOI^,  written  in  plain  everyday  language  so  that  a 
practkral  man  can  understand  the  "HOW,  WHEN 
AND  WHY"  OF  ELECTRICITY. 

Resd  oyer  the  titlei  ihown  on  the  back  of  each  volume,  and 
note  the  tcope  of  each  hook.  They  are  handsomely  bound  in 
fleKinw  buckram  with  irSld  edges  and  will  readily  go  in  the 
Docket.  THBY  ARB  NOT  ONLY  THB  BEST,  BITT  THE 
CHEAPEST  WORKS  PUBLISHED  ON  ELECTRICITY. '. 

/  Bach  book  is  complete  in  itself  and  will  be  supplied  |i.oo  per 
>py,  but  we  believe  that  the  complete  set  is  the  best  barsain. 

The  books  can  spe^  for  themselves  and  a  careful  ftcaminattenit 
page  by  page*  and  illustration  by  iUustiEtioo,  will  convince  yoa 
of  their  big  value. 

If  srou  will  fill  out  the  following  coupon  giving  all  the  Informa* 
tlon  requested.  WE  WILL  SUBMIT  THE  TEN  VOLUMES 
FOR  EXAMINATION  ON  CONDITIONS  NAMED. 


FREE  E^fAMlNATION  OFFER 


IHEO.  AUDEL  &  CO.» 

72  6th  Ave.,  NEW  YORK. 

Please  submit  me  for  examination 
HAWKINS  ELECTRICAL  GUIDES  (Price  |i  each.) 

Ship  at  once,  prepaid,  tho  toonmbers;  if  satlsfactoiy  I  agree  to 
send  you  $i  witiun  seven  days  and  to  further  mail  you  $i  tmc^ 
month  until  paid. 

Signature j . 

Occupation 

Businnin  Addi 


List. 


•^QVKOK«H»C,^^iy^«^««a9«a«»aA»»«««««»«»»k  •*««•«••*  a*^**** 


A  NEW  Up-to-Data  GUIDE  For 

MARINE    BUCINEERS 

Giving  Just  the  Needed  InftMrmation 

l^uesdons  ^  Answers 

OD  lh«  following  rabjecti 

How  to   Flcnra    (wUh 
e  Ratci. 


i»3 


I  and  Ke- 

OreilwaUiiS  aad  Laj- 

Ing  Up. 
GuoUne  EnflneH. 

HWTT  Oil  Enflnea. 
D^ael  Ekidnes. 

^Ktrical 

BeMient 

MbcUdm;. 

OovenuiMDtll^es  and 
BciDliiUoiu  KelaUnf 
to  Enlbwen' Certill- 
ca(aa  •odMuii'  Uae- 
fol    QdMIdm     Ud 

PiMlloil,       Modan 
and  Appnnad  Maifaa 


THIS  BOOK  WILL  HELP  YOU 


Befr^eratioa  Machinery   $2. 

'T'HIS  helpful  boiA  will  tell  you  in  plain  laaguage  all 
about  the  theory,  coaatniotioOi  care  aiid  operation 

of  an  ICE  OR  REFRIGERATING  PLANT  of  any 

type  or  capacity. 

It  k  •  Cmn- 
{data  Analyaia  of 
tha  Subject  t  an 
Eaqr  Cuida  for 
Studyi  A 
RaadyD 


The  subjects  are 
arranged  in  con- 
venient form  of 
"QUESTIONS 
and  ANSWERS," 
thus  giving  in  plain 
language  it^oma- 
tion  forBUCcessfuUy 
and  economically 
operating  a  plant. 
.  It  gives  the  latest 
Improvement!  i  a 
estabi  ished  applica- 
tions on  relngcra- 
tion;  the  practical 
handling  of  the 
machines  and  ap- 
patatus,  together 
with  useful  and 
VALUABLE 
DATA  regarding 
the  manufactuie  of 
ice;  and  the  pres- 
ervation of  food 
products. 

The  250  iUustrv 

tiona  and  descrip' 

tive  diagrams  (of 

which   nearly    loa 

are  full  page)  are  explicit,  and  a  valuable  aid  t( 


comprehension  of  the  science  of  refrigeratioj  . 

TOO  pages,  durably  bound  in  half  leather,  de-  ^4 

livendtoaiiysddreii,  upOQKCciptof  PRICfi  fMa 


A  Frogressdie,  lUuslraUd  Strits  mlh  Que^iims,  Answers  and  CaicuUaions 
covering  Modem Ettg^nerring  Praclice,SPECIALLY prepared  for  aUEagin- 
eers  aU  Mechariics,  ail  EUctrkiatu,  and  as  a  practical  course  &f  study  for  alt: 
students  and  reference  for  inslructors  in  every  branch  of  the  Engineering 
professions. ^-By  Frank  D.  Graham,  B.S.,  M.S.,  M.E. 

Enalaatr^  and  Mtluailet^  Outd^  Ko.  I,  pcicfl  Sl.SO-^contsiiiB  170i»geB— S17  illiif 
^  tnlioiu  covering  fullr  the  Tluary.  PracUci  and  OpenUiou  of  all  Sl«>m  Enginel  all 
I    Valve  Moton»— 3'alD*  Battlnt,  with  complcto  and  practical  inlonnatioa  on  all  the 


<  and  POPPET  VALVE  ENGIIVES,  LOCOMOBILES. 


Enflnrntr^  and  Mechanic^  Guide  No.  t,  price  $1.60 — coaCaini  STSjwg'a— 793  jUus- 


ai 


I   fully   the  LocoiTiatfw— Marina  fftuliwr— Turbfnei — RoUi 
.,._.._    ,    ,._..  ..._   .    .   .    '-^--coia— PRACTICAL  MANAGI 


jnes— the   Indicatoi^-l^bricantg  and  Lubrication*— PRACTICAL  KAUkGE- 
:NT— Inrtnictionj  on  how  to  bm  the  Indicator. 


Bngln—r^  and  Meehanlet'  GuUa.  Wa.  ^,  price  »1. 50— contains  475  pages — 640  illus- 

4tnt»na  coveiinE  fully  GAS,  GASOUNE,  OIL,  SEMI-  and  FULL  DIESEL  EN- 
aiHS8~Atroplaiui  and  Atialiatt—HOfV  TO  SELECT  AH  SJVG/Wf— Complslfl 
wotkiliE  imtmctons  and  drawing  on  STBAM  ENGINE  DESIGN,  including  rulea 
and  formolia  .fa  geneipl  uw. 

i  Mfchanlef  Cubia  JVq.  S,  price  Sl.aO — containi  S25  pa^»— 765  illua- 
_  intHHu  covering  fully  the  Thaorw  and  ConitrucUon  of  all  lypri  af  Siaam  Botl^m 

'  including:  Heat — Combusttoo — Fuel  and  Flue  Gaa  Analyiis — COi 

I  acteriatici  of  Boilen — Matenala — Comlnution  of  all  lypa  of  Boiltri.     \uvii: 
PRACTICE.) 

and  Mtehanic^  Guide  Ko.  t,  price  (1 .50— contains  075  paaa — oga  Ul 

tcatknucDveringfully  Bolter  Oonalruefbin— Mechanical  Stoken—OZ£si'iiW£ 

—Settdngi—ChuuHye— Mechanical  Dnu^t-^BOIP  TO  SELECT  A  BOILEO— 
Coml^eta  inslnctioaa  eod  draoina  on  BOILER   DESIGN    boied  on  AJSM.E, 

BOina  CODE- ^^ 

of  Steam  BoileH. 
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